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What Caused 
Earth’s Great Dyings: 62 
Since life began on this planet, at least five worldwide catastrophes 


hiawe erased qrditiones of animal species—and a sixth is under way, 
Rick Gore and photographer Jonathan jose sett the picid 


ines on these extinctions—evidence of climatic shifts and hu 
meteorite Impacts. A double supplement focuses on tire rakes, fio 





the dinosaurs to the vanishing species of today 


erent Ane Passion of Freedom 7m 


Under foreign nile for centuries, this Mediterranean tsland nation 
reflects a haa patterned by Siceniclane Carthagzinuins, ANOS, 
Knichts of St. John, and the British. Now celebrating 25 years of 
PIPE RAR . Malta takes o neutral stance intoday’s uneasy weria, 
according to Ww ilttam.S. Eltis. Photographs by Bob Anst 
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— for the Computer Age ns 
Author-photographer Fred Word “flies” a jet fighter, peers into the 
human brain, and chuckles at the antics of an animated cartoon 
character to show ws how computer ETUpRICS Take LTNPOSSt bbe 


visions possible 


The Remote World 
ot Tibet's Nomads +s 


On a bleak, windswept plateats in western China, one of a [erst 
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preat nepreuetle societies on earth survives as herders of yaks; sheep, 


onl poate. Living for 16 months with these Tibetan-nom iis iro 
modured years of forced settiement oF communes—anthropotogists 
Metvyn Goldstein and t ‘ahi Beall find traditional ways reviving 





Lite ina Nutshell 7s 


Adast corti dom t aren up fo be i Ligh ci CHOLES The ‘Peder: 7 host of 


crea i lglg shell for food and shelter. “oologist and photog- 


raphiwer i rk W. Moffett takes a close look 


"I ,, , Ip a erie fore ——o . ‘wet. 7 eee peers esis orfic 
COVER! Flanked by adult “ultresauns;” omong@ aarti schrypest pond anus, 
a 12-foot-tall venile crosses a western f olorada river pout LJ 40 nuthion 


yeors ago. From a painting by John Gurche on this month's supplement 
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Mining the fossil record, scientists struggle 60 explain mysterious episodes 
in which tnany of earth's spectes suddenly die out. [chthvasaurs— suchas 
this mother with on Infant and five unborn babies—survived two reat 
extinctions only to perish before the dinosaurs 66 million years azo, 


ood 
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By RICK GORE AUATAMT EEA TOM Photographs by JONATHAN BLAIR 


THE JAWS of extinction 
threaten to snap shut on 
the California condor, 
foreground, a once wide- 
spread species reduced to 
chout 30 birds by the 
presence of uamans. Be- 
hind it iooms the skull of 
Tyrannosaurus rex, a vic- 
tim of the moss eactinetion 
that ended the Cretaceous 
period. A little T-rex lives 
on in. the anatomy of neod- 
ern birds, which evolved 
from dinosaurs. some 50 
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E WAS THE LAST of the free fliers, this ungainly bird 
his captors nicknamed [por. His keepers now wince 
when they hear him called that. Californian condors 
are supposed to have local Indian names 

Chumash. Miwok. Pomo. For time beyond 
memory Indians throughout the West have regard- 
ed the condor asa god. His spirit, some say, in- 
spired legends of the thunderbird, whose flight is 

FeGAeIbIe fe for the weather. Thunder is the flap of his wings, lizhtnme 

the flash from his eves. Today Igor’s eyes, as he perches in his pen at 

the San Diego Wild Animal Park, are the eves of extinction. 

Igor, officially titled AC-9, for adult condor number nine, was the 
last wild survivor of his species, Amid great controversy he was 
trapped in April 1987 and brought to wait—and, zoo officials hope, to 
breed —along with a few comrades, until the world might once again 
be safe for condors. 

Igor's flying prowess fires public opinion. Since the 1930¢ millions of 
dollars have been spent to save California condors and preserve their 
habitat; That power has bought the condors time —to sit; remote from 
human contact, in this large fenced enclosure. Other creatures have not 
fared as well, Since Igor’s capture the dusky seaside sparrow disap- 
peared from the planet. During that same time as many as a hundred 
acres a minute of the world's tropical forests, among the most richly 
populated habitats on earth, have been destroved. Ecologist: can only 
speculate about how many unnamed, unknown creatures have van- 
ished with the trees. An estimated million species will be lost in the 
next 25 years—a rate of one every 15 minutes. 

Many scientists contend that our planet is experiencing its greatest 
mass extinction in 66 million years, At that time the dinosaurs van- 
ished, along with between 60 and 80 percent of other animal species. 
Some small dinosaurs, however, already had evolved into the first 
birds. They made it through that extinction. So Ipor's eves are also 
those of experience. 

Igor and his fellow condors bring me back into the present. For 
months I have been keeping company with fossils. Trilobites. Ammon- 
ites, Triceratops. Titanotheres. All were victims of at least 12 mass 
extinctions, five of them immense, that our planet has endured since 
the fossil record of animals began about 800 million years ago. 

Mass extinctions. The concept has hit science like a fireball during 
the 1980s. Paleontologists had long realized that occasionally large 
numbers of species disappeared simultaneously from the fossil record. 
Those disappearances often marked the close of geologic periods. Vet 
the causes behind those great dyings bad remained obscure. The fossil 
record was too imprecise, too difficult, to read, too pocked with missing 
pieces and contradictory chies 

All that is changing. Innovative geochemical techniques are coaxing 
subtle secrets from ancient rocks. Fossils are being reexamined. Com- 
puters are finding provocative patterns in the extinctions. In the pro- 
cess the rules of evolution are being rewritten. And so is the four- 
billion-year history of life on the planet. 

The excitement began in 1978 when a team from the University of 
California and Lawrence Berkeley Laboratory found a large enrich- 
ment of the element tridium. in a pencil-thin, 66-million-year-old layer 
of rock from Gubbio, Italy. This iridium-rich clay lay right at the 
boundary between the Cretaceous period, when there were dinosaurs, 
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anc the Tertiary, when there were none. (Scientists nickname this tran- 
sition the R-T boundary 

Because iridium is rare on carth but common in meteorites, the 
Berkeley scientists— Walter and Luis Alvarez, Frank Asaro, and Helen 
Michel —proposed that earth had been hit by an asteroid ten kilometers 
(six miles) across. Wildly controversial at first, the proposal has since 


been backed up by abundant and convincing evidence from around the 


piohe, Viost scientists now concur that at least one great extraterrestrial 
object struck the planet around the time the dinosaurs died out 
With Alvarez I hike an Italian mountain road to inspect the Gubbio 


boundary clay. He digs gut a chunk and hands it to me 


“You are holding debris from the fLomiinued on page oF2 | 
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The idea that lange objects could 
ctrike our planet and cause made ex 
Hnctions waa commdered radical wirtil 
just Over a decade age. Then # team af 
researches at the University of Cul 
fornia found Aigh lewe!s of iricdlfum—a 
metal rare on earth but comman in 
mrteontea—in a thin layer of clay laid 
down about the tae dinvcaaués be- 





theory, lower left. and arcoed 
by scientists in fields as diverse 
a5 peophvsics, astroncmy, 


Throwr&h-the stacdy of fossil tril 
hites, below, and other crea 
tures, scientists know that the 
story of life on earth has been 
punctuated by mass extinctions 
Hut exactly how they occurred 
if a matter of unprecedented 
debate, sparked by the impact 
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“These are exciting times to be 
looking at extinction,” saves NASA 
geciogist Bevan French, statine 
one of the few conclusions 


Ond theory Aalds that porigcds 
of intence watcanic activity 
(helows could disrupt the at= 
mogphere—biocking auniight 
or creating a-greemhouse af- 
fect, thereby causing ertine- 
tone Some have syggented 
that volcanism could hare 
prodneed the rictum layer, 








cate eqtinct. Their comchisian—that 
an asteroid bt earth G6 mailion yraera 
aiefp 0, areaking cnvirnomental havoc 
iocked the sclentfic world. 

further anajysis.of the iridium layer 
has supported the impact, although 
achentists are widely divided over 
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By plotting épheder of masa extinction . 
throtpheut cafogic tinse, sone acientiets hare 
detected an interval of roughly 26 million years 
(orange wartical bars) hetween extinctions. This 
suggests a coleotal timetable for extinctions—a 
perlodte comet shower, for eeample, triggered 
soby he paseieg of a star or other celetia 
events. According to these calculations. fife on 
earth i sefe for anotiver 12 million rare. 
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Th Extinction has claimed 99 per- rules change," says paledntalo- including mimmals, survived. some groups (the trilobites, the 
C cent of all speties that have ewer gist Jack Se pkoski of tf ee Urii- In general, widespread 4pe- ammonoids) survived several > 
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TRILGBITES 


Horizontal color bara feature 
lected groups. Thickriass of 
bar indicates the number of 
taxonomic families for each 
group. Red vertical lines de- 
rote mas extinctions 


Blue shading denotes 
maring family diversity. 
spawned in the Precam a 
brian, marine animals 
suddenly proliferate in 
the Cambrian sims. 


Pie sites, below. repre- 

sant estimated percernt- 
ages of marine anima! 
species that have sur- 
vived extine tions, 






ORDO VICLAN 


Stromatolite-producing The ancestral suparcontinent 
qrnathactena dominate the world Gandwana drifts over the South 
for two te three billign years, thon Pole in the Ordovician. triggering 
Fall prey to a ceew arrival: anjmals, a period of profonged glactatian, 
farly fish survive, bot marine i- 
vertebrates arn! primitive reel 


nate for some 140 million years. 
But they vanished dori 


rit readily adapt. The ocean been so successful, radiating 

@ the isno refi e—extinetions hit to fill vacated habitats. Says 
prent Cretaceous ¢xtinctipn, 5 wi el il land dwellers.  Sepkoski, “The whole thing . 
ears, Scientists di dom'tvet know why may boil down to luck.” Lee 
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TRILOGITES SURVIVE TWO 
EXTINCTIONS BUT PERISH 
DURING THE THUR. 


CRINOIDS 


GREAT PERMIAN EXTINCTION 
NEARLY WIPES OUT CRINOCIDS. | 




















AMMONOIDS RECOVER ? 
FROM POUR EXTINCTIONS, i 
THEN D.APPEAR 

AT THE FiFTH 
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DINOSAURS | 


DINOSAURS RULE FOR 10 
MILLION YEARS. THEN VANISH 
FROM FOSSIL RECORD. 


| CORALS SLOWLY DMWERSEY 
AFTER PERMIAN EXTINCTION 
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At the end of the THsbi up q Mary scientists believe the 
to 75 percent of ering inwer- Cretacequa- Tertiary (K-T} 
tebrete species and pome land extinction wan caused by a 
dwailers waninh, perhaps in an metrorite impact. Viethen — 

| catastrophe. - include « hort of marine — 
Peston yet eg gf species. 





In echentifie classifica- 
thon, a family can in- 
clude one or many 
dotend of species, 
Since families ishown 
in the graphs.at loft) 
Chan survive an extine- 
tion even if all but one 
of their species dies 
out, the species losses, 
estimated in the pie - 
charts at-the bottom, 
afro actually far 
greater than the fami- 
ly data suggest 
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(Continued from page 665) Impact, he says. “In the first days after 
earth was hit, dust blanketed the entre world. [t grew pitch-dark for 
one to three months. If the impact was on land, it probably got bitter 
cold. [fit hit at sea, the water vapor could have created a greenhouse 
effect, making things hot. Hot nitric acid would have rained out of the 
atmosphere —a life-threatening rain that would have dissolved the 
shells of organisms.” 

That's not all, A surprising discovery by Wendy Wolbach., a gradu 
ate student at the University of Chicago, indicates that the world may 
have turned even nastier, as it did last summer at Yellowstone 
Wi ark 

A red sun shines like the eye of an angry god through the pall of bal- 
lowing smoke at Old Faithful, A rush of heat. A swirl of suffocating, 
sooty air. Suddenly on the hilleide behind the famous geyser the gates 
of hell burst open, and a fire storm races down the slope. A million 
acres on fire. ‘Che worst conflagration to strike the vast Yellowstone 
ecosystem in history; An awesome, ternfying orgy of flame. Yet this 
holocaust 15 insignificant compared with what Wolbach believes hap- 
pened that day 66 million vears ago when earth was hit. [he entire 
World caught fire. 

Even-at Yellowstone burns, Wolbach shows me her evidence in her 
Chicare office —scanning electron microscope pictures of soot particles 
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embedded with the iridium layer {rom three widely separated sites — 
Denmark, Spain, and New Zealand. 

Wolbach's discovery stemmed from the curiosity of her research 
adviser, cosmochemist Edward Anders, about what kind of extrater- 
restrial object had struck the planet at the K-T boundary. A meteorite 
from the asteroid belt? A comet? He suggested that Wolbach attempt 
to isolate carbon in the iridium layer. Carbon would have trapped cer- 
tain rare gases brought in by the impacting object. The isotopes af 
those gases might provide chemical signatures to identify the intruder 
from space, 

To her surprise Wolbach has found an enormous enrichment of soot, 

“To get the amount of soot we find,” she says, as much a5 90 per- 
ent of the world’s forests must have burned.” 

Granted the impact of a ten-kilometer body would be equivalent to 
10,600 times the power of all the world's nuclear weapons, how could 
fire spread so disastrously across the glober 

“Even if it hit in the ocean, the impact would have created a crater 
300 kilometers actoss,” says Anders. “A huge plume would have 
pushed the atmosphere aside, The fireball would have had a radius of 
several thousand kilometers. Winds of hundreds of kilometers an hour 
would have swept the planet for hours, drying trees like a giant hair 
dryer. Two-thousand-degree rock vapor would have spread rapidly, It 
would have condensed to white-hot grains that could have started ad- 
ditional fires,” 

In addition, lightning discharges like those in a volcanie eruption 
could have ignited windswept fires on all landmasses that marched far 
faster than those at Yellowstone 


UCH DOOMSDAY SCENABIOS strain our belief, And many sci- 
entists refuse to accept that such catastrophes have caused 
the great dyings. 

“We don't need an impact,” I have heard over and over 
from paleontologists. “We can explain mass extinctions 
| Fowith earthly causes.’ 

And so they can. Falling sea levels. Ice ages. Collisions of conti- 
nents: Volcanism. Climate changes. Altered ocean chemistry, The 
potential mechanisms for mass death are many. 

No matter what causes them, mass extinctions do oecur, They force 
anew perspective on the history of life. 

“Mass extinctions change the rules of evolution,” explains David 
Jablonski of the University of Chicago, one of the leacling extmection 
theorists. “When one strikes, it’s not necessarily the most fit that sur- 
vive! alten it’s the most fortunate. 

‘When their environment is disrupted, groups that had been healthy 
can suddenly find themselves at a disadvantage. Other species that hal 
been barely hanging on squeak through and inherit the earth. 

“The best example is mammals. Dinosaurs and mammals originated 
within ten million years of each other about 220 million years ago, But 
for 140 million years dinasaurs ruled, while mammals stayed small and 
scrambled around hiding out in the underbrush. Mammals all basically 
looked alike—squirrelly or shrewish and no bigger than a badger— 
until the dinosaurs disappeared. Then they took off. Within ten million 
years there were mammals of all shapes and Hfe-styles: whales anc 
bats, carnivores and grazers. Mammals just couldn't do anythmeg 
interesting until the cdimosaurs were out of the way,” 
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niry remain th nagged 
central Quebec, where 

a giant meteorite some 


210 million years ago. 


with @ moss ectinction of 
af the Triassic period. 
Sky-dartening dust from 
the impact may have 
plaved a role. 


LIVING FOSSILS, stromatolites were recently discovered by geologists of the Carib- 
bean Morine Research Center in shallow waters of the eastern Bahamas. The 
mounds cre composed of sticky mats of cranobecteria (formerly known os blie-green 


algae) that cement sand and sediments. Appearing in rocks 3.5 billion years old, 
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stromatolites are the earliest known communities of life. They declined dramatically 
between 500 and 700 million years ago and survive today only in environments hos- 
tile to predators, such as this area swept by swift channel currents and in hypersaline 
waters in Western Australia, where a community wos found three decades ago. 
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DESCENDANTS of the 
stromoatolite builders, 
mitts of modern cyrano- 
bocterio sieve Ln ern 
ronments too hearst: for 


most bife—such os in this 
42°C (08°F) hot spring 
rivulet in Yellowstone NWao- 
tional Park. No threat to 
the cyanobacteria, the 
wolf spider ts a relative 
loteconmer: hits ancestors 
appeared about 400 mil- 
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Mass extinctions thus promote new beginnings, new eros of experi- 
mentation. If-earth’s slate of life were not episodically wiped clean, 
how far might we have evolved bevond the primordial slime? 

That slime surely suffered too, The first great extinction may have 
been a gas altack. As one microbiologist explains, “It was the worst 
case of pollution in earth's history ! 

What was this toxic waste, this obnoxious gas? Paradoxically, it 
Was whal today sustains all animal life: oxyeen 

ALone time earths oceans and atmo- 
sphere were Virtually oxygen-free, or 
anaerobic, Carbon dioxide dominated the 
planet. Then, about three billion years 
eo, Certain bacterial trienn beers of thie 
primordial chime invented the kind of 
photosynthesis that releases oxygen as a 
WHEte procuct, 

Oxygen is a reactive, egressive gas. lt 
shuts down or burns out organisms 
adapted to anaerobic life, So with axveen 
the new aerobic bacterin could coerce 
their way into a place in the sunlight and 
drive their competitors underground or 
Inte extinction 

The waste built up. The oceans were 
OxVeRenabed, th Ch the akties 

No organism has so dominated the 
world as cicl those filamentous oxygen- 
producing microbes, Wherever seas were 
warm and not too deep, they built 
diverse bacterial communittes —mounc- 
shaped mats of microorganisms, The fos- 
sils of those mats, called stromatolites, 
resemble great reefs of cabhbage-shaped 
mounds. Beds of lavered stromuatolites, 
often several kilometers thick, swirl 
through rocks that were formed in shallow seas between 2.5 billion and 
600 million Vers ago 

Then stromatolite populations crashed. Like the anaerobic life they 
displaced, stromatolites sill exist but can be found only in isolated 
areas. What happened? 

In a word, animals. Life began to feed or itsel! 


HE APPEARANCE of animals heralded the aclopthon of a new 

survival stratecy. Photosynthesis had enabled organisms to 

mike ther own food from carbon dioxide and water. The 

new stralegy bypassed thatstep. Why make -your own 

food? Why not ¢at-some organism that has already clone the 

work? Rating someone else takes enerey, however. You 
have to praze or hunt. That-requires a high-powered aerobic, or 
oxygen-burning, metabolism. As the advent of oxygen made grazing 
animals possible, it made sitting ducks of the stromatolte builders 

Animal lite exploded across the planet at the start of the Cambrian 

period, around 570 million years neo. Perha 
& threspold that enabled animals to make shells and experiment with 
increasingly complex hssie 
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PORMED tn the shallow sea “Maybe an extraterrestrial object:splashed into the ocean,” save 
that covered western Palmer, “Perhaps, like today, the seas were stronely stratified — warm 


North America 370 million oxygen-rich upper strata on top of cold, oxymen-poor deep water. Li 

yeors ogo, limestone ex- you threw that deep water onto these shallow shelves, you could have 

posed inthe Ancient Wali dow sctaterd the trilobites living there. Those organisms couldn't stand 
a range in Coneula’s 

Jasper National Park 

may hold fossilized anawers 


CVEn A te W Wer ks au r that " 





[hat scenario could explain the squarehead survival. Being primi- 
te what caused o muss tive, they tad been pushed to the cold, deep margins where no othe 
dying of reef-building creatures could make a living, They fad adapted to just those condi 
invertebrates during the ions that exterminated their more advanced competitors. 

tite Devonian period, 

| FTER THE CAMBRIAN, trilobites never bounced back. Sophist 







cated new predators, suggests University of Washington 


mologist Peter Ward, made their life-style obsolete. Natti- 
loids, distant relatives of today's chambered nautilus, 
combined massive jaws with the ability to swim swiftly 
across the seafloor. “As the airplane revolutionized 
wartare, the nautiloids created havoc for mudbound creatures,” savs 
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Ward. “The early trilobites only looked ahead. The ones that survived EVE TO EYE with the 
also lookecl ap.” Devonian disaster, 

Reet life—aborted early in the Cambrian—evolved anew in the Helmut Geldsetrer of the 
Ordovician. Clams, starfish, and crinoids, lily-shaped animals that Canadian Geological Sur- 

vey examines fossils exr- 

posed on an OLtcroap mer 
the Lyell [cefield in Brit- 
FEO EES Se ee gla tts — i MRE AN i a ish Columbia. He believes 
the planet's own restlessness, the inner turmoil forever moving earth's a sudden flooding of shal- 
continents about. In the late Ordovician that turmoil drove a huge, low seas by oxygen-poor 
ancient continent, Gondwana, over the South Pole. Immense glaciers wirter from the deep 
developed, drawing their water from t 


mare gardens out of sea bottoms, also emerged. Then around 449 mil 
lion Vears ago this increasinely diverse elobal ecosystem collapsed 
p | 


The most obvious villain in the massive Ordovician extinction was 





He Oceans and chilling even the may hove killed the reef 

The ice age literally drained the shallow seas," says palecn builders. The cose, he 

tologist Peter Sheehan of the Milwaukee Public Museum. suggests, “might fe an 
Reel life was-espectally hard hit during the Cirtevician extinction asteroid immpurct.” 
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“Reels are attractive but dangerous places to live, says Davi 
Jabton ski. “The web of interactions 15 $0 complicated that the entire 
community can crash if just afew of 16 members go. Reels are always 


eecttiing clobbered." 
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SQUAT LYSTROSAURUS, @ mimnmnidl-like reptile, represents a tineage that survived 
the greatest moses dving of all time, at the end of the Permian. Like his cow-sire 
relative Placerios (right), the cost of whose skeleton wis photographed in. Petr- 
fied Forest National Pork, Lystrosaurus was herbivorous 
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Exrfimctions 


With the drifting of Gondwana beyond the polar region and the 
decline of the ice ages, the reefs rebounded with altered life-forms. For 
the next 70 million years they flourished, laying limestone bedrock 
across much of earth's crust, including the Great Lakes region, Today 
those fossil ree 
Lo support some of the world's tallest skyscrapers 





s give the ground beneath Chicago the strength it needs 


As the reefs were recovering, the s¢as saw on explosion of huge pred 
atory fish. Land plants ¢volved, as cid the first amphibians. The bio 
logical stage was being cast with players for the next tragedy. 

The late Frasnian, scientists call the-great extermination toward the 
end of the Devonian period 370 million years ago. It exposes itself most 
strikingly in the Canadian Rockies, where massive Devonian reefs 
have been sheared and tilted by earth movements. Jutting skyward 
like great shares in remote aipine splendor, the mountaine are pocked 


with mementos of their birth—shells and the skeletons of corals and 
similar creatures 

With Helmut Geldsetzer of Canada’s (reological Survey D climb into 
the Rockies. We reach a thin yellow band, a sulfur mineral, which 
Geldsetzer- believes precipitated as oxygen suddenly vanished from the 
upper layers of the oceans. As that band was deposited, most of the 
world’s fish and 70 percent of tts invertebrates perished 

“The seas would have looked like the aftermath ofa global red tide 
—dead animals floating everywhere,” says Greldsetzer 

He hammers out a piece of the vellow rock. Once agam I can put my 
fineers ion a mass extinction. [ask what did the killing, what sapped 
the seas of oxygen. He invokes the same killer that Palmer sugpests 
ravaged the trilobites; the spiash of an extraterrestrial impact flooding 
the continental shelves with anoxic water from depth. He notes that 
tridium has been found in Devonian rocks in Australia 











Other scientists reject this idea. They argue that the Australian irici- 
im Was concentrated ln mats of oreanisms and that the extinction 
resulted from 2 cooling of the oceans as Gondwana headed back over 
the South Pole and new glaciation approached, These experts maintain 
that the-extinctions were spread out over several million years. But the 





LAYERS OF CONTROVERSY surround a thin band of groy clay scrutinized by scientists 
on this seaside cliff in #@umavea, Spain. Found worldwide, the layer marks the boundary 
between the Cretaceous and Tertiary periods. Experts studying the clay see clear 
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evidence of an impact—including high levels of iridium. Debate rages over the 
connection hetween the impact and the death of dinosaurs. But few scientists deny 
thet extraordinary events are recorded in that narrow layer of sediment. 
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EVIDENCE of impact, this 
tiny spherule collected 
from the K-T boundary 
lover at Aun 1A 
thought to be a melted 
fragment of the object that 
struck the-earth 66 mul- 
lion years ago. The spher- 
ule, were magnified 5,000 
times, contains platinum 
in the high concentration 
present in meteorites 

but not normally found 
on earth, 


584 


catastrophists heated|y disagree, arguing that the event was abrupt, 
workiwide, and occurred in the midst of a long warm spell. 

“Atmost we are dealing with 20,000 years—and maybe just one 
stormy night, says Willi Aiegler, director of the Senckenberg Museum 
in Frankfurt, 

With Charles Sandberg of the U.S, Geological Survey, Ziegler has 
studied fossils of abundant small eel-like animals known a conerlonts, 
The shapes of conocdonts changed often and distinctively enough dur- 
me the Devonian that scientists can date rocks 
precisely with them. Particular conodonts ina 
rock indicate whether the rock formed in deep 
or shallow seas, 

Aiegler and Sandherg's conodont analysis 
indicates great swings of sea level around the 
time of the extinction. They see shallow-water 
conodonts suddenly appearing in deep-sea 
racks. They argue that storms, and perhaps 
isunamis, ravaged the planct, washing near- 
shore life out to sea. In Nevada, which was then 
deepwater terrain, Sandberg has found huge 
houlders of coastal rocks that were apparently 
ripped seawarc. 

“We suspect this was caused by a comet 
shower or increasingly closer passes by an aster- 
oid of field of asteroids,” savs Sandberg. “An 
asteroid’: gravity could raise great tides. Imaeg- 
ine the stress on marine life if sea levels wentup 
40 meters, then dropped 60," 

Wild thoughts? There are data from the Devonian to Suppor endless 
speculation, The confusion grows worse with the next extinction, 
which terminated the Permian period about 240 million years ago. 
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HE PERMIAN was easily the greatest extinction of all time. 
Perhaps 96 percent of all species disappeared. No one yet 
claims strong evidence for an extraterrestrial extinguisher. 
The best guess today is that the planet itself did the killing. 

The Permian extinction was the first to affect terrestrial 
life significantly. During previous extinctions most life was 
confined to the water. Gut by the end of the Permian, coal swamps had 
proliferated, insects swarmed, and pic-size amphibians were roaming 
across earth's warm surfaces, Creatures known a mammal-like rep- 
tiles dominated the land 

Mammal-like reptiles varied enormously. Barly versions resembled 
lizards, but reconstructions of later species make me think of a dog- 
faced tank with a short tail, They may have had fur, and to specialists 
their bone and teeth structure looks more mammatian than their simul- 
taneously evolving reptilinn cousins. For example, their limbs 
extended directly beneath their bores, rather than to the sides, as is 
the case with reptiles: 

Even as the mammal-like reptiles were evolving during the Permian, 
the forces of plate tectonics were forging the supercontinent Pangaea, 
joining all the planet's continents into a single colossal lanchmass. With 
but one continent the amount of shallow offshore water —among the 
richest habitats on the planet—shrunk drastically. Also, Pangaea 
encroached on both poles, probably triggenng 4 scenes of crippling ice 
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GEO-DETECTIVE Glen Izett 
af USGS wis skeptical 
ahout the impact theory. 
Then his tight-peolortcing 
microscope: revedted 
quartz grains in samples 
af the K-T lover fabove) 
with the type of fractures 
cused by micleear eacplo- 
SLOSS Or meteorite im- 
pacts. fudging from the 
size and adhundance of 
“shock” quart grains 
he fos Found in the weet- 
ern Uf, 4., Izett beheves 
the impenct cocurred there. 





ages in both hemispheres. According ta paleontologist Bob Sloan of 


the University of Minnesota, sea levels bobbed up and down by 200 
meters: t ost ines hOVAnCe And retreatedt | OO kilometes | iF UM 
tiles), Even tropical seas would have been chilled, On hind climate 
grew progressively drier, the winters Siberian 

The marmmal-like reptiles suffered ot least six distinct mass extine 
tions during the last et¢ht million years of the Permian, savs Sloan, 
indicating that the great die-off— may occur in pulses. Those pu 
reflect the Permian 5 strong climatic swings. The die-offs illustrate 
that, paradoxically, extinctions can benefit life 

“Look-at what survived each pulse,” says Sloan. “ Che survivors 
were always those that appear to be more warm-blooded and thus 
dealt better with cold climates. They aléo tended to have more compli- 











i 
7 





cated jaws and teeth, as well as more efficient respiratory systems 
Moreover, the survivors were small, establishing a pattern for subse- 
quent terrest rid extinctions, As Sloan saves, “The surest route to 


Fixtinciions 685 


Litects of 
an ancient 
cataclysm 


ihe scenario ts straichi oul of a 


scpence-fiction movie: Ginnt me 
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Dinnet aire. Volcanpes erupt, 


tsunamis crash into the conti- 
nents, The sky grows dark for 
months, perhaps years; Unable 
to cope with the catastrophic 
imate, countless 


Changes th 


species are wiped off the face 


Of the planet 
vel that 1 the apocalyptic 
AS evi 


dence grows that comets or me- 


fists SuUmre st, 


SLenc Scien 


beorites may inticed be agents of 
mass destruction on earth 


[In the moments following the 
Impact of an obiect ten kilome 
ters in diaméter, experts believe, 
a blast wave similar to that ofa 
NUCIEAT explosion would destroy 
ever thine Wilh SEVEra! nun 
its Intense heat 
and wins combining to set 


wildfires, perhaps even a ¢lobal 


dred kilometers 


inferno. [Cf the impact occurned 


is Po 9 






Vaporization 
of water 


of rock 


Vaporization #) oe 











in land, earthquakes would 
rock the continent for days. Lf al 
fea, huge funemie could de- 
stroy coastal habitats across the 
Fiobe. Other immediate elects 
Would include a honzontal 

“hbase surge” of melted and pul- 
vernieed material and a plume of 


Vaporized water andor rock 


ejected into the stratesphere 


above the impact crater—thr 
fine particles eventually darken 


ing skies around the world. 


he pentists are debating tic 


such An 


long-term effects of 
Um nae 


Vins! aeree that an era 
rain would 


of strong acid Naile 


some believe a global dust cloud 
WOULd frigreran are of darkness 
and cold. (thers see a sharp 
freenhouse effect— particularly 
if the object struck and vapor 
Zed LLNEstone In ine ocean be 
ns, filling the atmosphere with 
massive quantities of tarbon 
hia CO, laver would 
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extinction i to be large.” Big creatures need more food and have mort 
trouble fincing hacheouts 

One squat creature whose ancestors made it through the end of the 
Permian wae a tusked herbivore called /ystrosouveus. About as cute 
is i. T., Lavstrosowres exploded across Pangaea after the Permian 
argely because there wasn t much left big enough to ent it 

In the ensuing Triassic period evolution soon produced not onh 


laree new mammal-like repuiles but also waves of new expernments 
Marine monsters called ichthyosaure be 
Fan Lo prow! thi tet es croc les the 
swaps. Flying plerosaurs took off 

[ hie first clings LUT SS A Sa Al peared 
Extremely fast and small, they ofter 


Were two-leoged, probably resembling 
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hie pheasants on the run. Dheie Lif right 


DOStUre freer their forelecs to be weed like 
hands for grasping 

[f not Warm blo EC, Pei dingsaire 
had evolved high metabolic rates, Some 


erhans were covered with down, and 


a 
c 1 
laler, feathers. Nevertheless, for a while 
. 5 . 1 i 
cinnsatirs waited ih evolation'’s wings 
Although thew were superior plavers, the 
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cdinesaurs could not, byt 


piace Lhe mammial-like reptiles 
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peri, about 200 millon 
VERS ago, Lhe chinosaurs rim 
have gotten a littl: help 
from the cosmos. In the 
Wilds of certral (buch 
S1LS the Manicouaran crater, hall thi a ke 
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of Connecticut. The only radiometri 





dating of remote Manicouaran [ILS tine 
Impact several million vears before the end of the Trigsssic,. However, 
paleontologist Paul Olsen of Columbia University’s Lamont-Dohert 
dates are wrong ond that the 


Mass PRONEUSAEC 


Geological Observatory suspects that the 





Manicouagean impact is the fineerormt of a globa 
[TOM Apace 


The fireball] alone ITOm) an Lm pact thet Shae Ware | WAVE scorched 
everything down to New Jersey,” he says. [t thus could have created 


f t 2 
the kimcl of global havoc suspected at the K-T boundars 
F i t i | . 
Whether or not they had cosmic good fortune, the dinosaurs took 


tharve of the land with the advent of the next period, the Jurass 
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During the Jurassic ’s 60 million vears, the great reptiles developer sov 
ercizn size. [Che gargantuan Broniosaiwns and related creatures 
roamed nver plains, browsing tall conifer trees. So did the armoreri, 
Lractor-site Stegosaurus, although it might have had to stand on its twa 
hind legs to nibble the branches. It had to.stay ever alert for the huge 
mrnl-eating Adesawrny 

These monsters vanished, along with many smaller dinosaurs and 
marine creatures, when a profound but mysterious crisis struck at the 
end of the Jurassic. A new gencration of low-browsing, beaked dino 


saurs emerged, What made them the evolutionary victors? Was theresa 
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riobal hahitat changer Why was life in the oceans also hard hit? The 
Jurassic mass killer left almost no clues, 

Dinosaurtan life rebounded vigorously dunneg the long warm eons | 
the ensuing Cretaceous period 
other poorly understood pulse of extinctions struck both land and sea 
Wine modest spike of iiciwm has recently been reported for this mid 
Cretaceous extinction, implying impacts from space. Because other 
spikes have nol been uncevered for this boundary, the significance of 
the lone spike is being challenged. But 
there may be a more surprising suspect 
for agents of extinelion—flowers. 

About this tone blooming and fruit 
bearing plants, knowtras angiosperms, 
began to explocte across the land. By at 
tracting animals to spread their pollen 
and seeds, the angiosperms colonize 
quickly. They aleo reproduce rapidly 
Controversial dinosaur expert Robert 
Bakker of the University of Colorado 
argues that the new generation of low- 
browsing Cretaceous dinosaurs began 
turing the world over to Bowers, Dino- 
SAurian overgrazing threatened many 
low-frowing plants with extinection- 
except for the angiosperms, Theit 
reproductive superiority helped flower 
Ing Plants compete with the munching 
jaws of oblivion 

In turn, this contagion of angio 
sperms must have had an enormous 
impact on the dinosaurs’ diets, Could 
it be inked to their mid-Cretacedus 
extinction? 

Certainly new dinosaurs évalved in 
the aftermath, The late Cretaceous saw - 
duckbill dinosaurs prowling the swamps and forests. On the -more open 
plains, especially in western North America, great herds of rhino-like 
Precerateps and their relatives fed on the new vegetation. Back then a 
Vista across the Dakotas would have resembled a saurian version of to 
day's Serengeti Plain. The lion of that world was the infamous Tyran 
OvEMPUS FEY, 

In all, at least 30 genera of dinosaurs— perhaps a hundred species— 
inhabitect the planet during the final ten million years of the Creta- 
ceous. Some specialists argue that most persisted right up to the K-T 
boundary. Others brandish data indicating thatall but 13 genera hod 
perished well before the Cretaceous ended. Recent, hotly contested evi- 
Hence Suggests nine genera of dinosaurs may have straggled on inte the 
following Paleocene epoch. Part of the answer to this debate Hes buried 
In the bacdlands of the Great Plains 

len thousand years ago in the badlands, runoff from the last gla- 
clers cut through the purplish gray and green soils of the Hell Creek 
formation near the North Dakota-Montana border. As those eroding 
atlands, they cut through and 
exposed for future geologists the last two million years of the Creta 
ceous period. Hell Creek is the only place on earth that preserves in 


Phén, about OO million years ago, an- 





streams carved buttes out of the vast f 
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Fire On ICE? Based on 

his studies of the fossil 
record, poleohiologist Ste- 
ven Stanley of Johnna AHop- 
kins University (abowe) 
belicwes that eloba! coaf- 
Ing explains most mass 
extinctions. He holds « 
Spondylus, a tropical bi- 
Yaive Mit diet out some 

3 million years ago, At the 
other end of the spectrum, 
David Rowp and lack 
Sephoski of the Lintversity 
of Chicogo-share the bine- 
ligiot with their theary 
thet moss extinctions 
oocur every 26 nullion 
yeors, perhaps as a result 
of periodic bombard- 
ment by comets. 
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detal— with tricium and an abundance of fossilé—the dving davs o 
the dingsaure 

On this July morning the bleak buttes are speckled by the colorful 
T-chirte of cmentiets and volunteer sent be the Milwaukee Public 
Museum, Hammering anc chiseling under a blazing badlands sun 
Claudia Berghaus, Joan Mathys, and Carol Moertl extricate fragments 
of aT vice roitofs Tront tée bone. Dour Stephenson i i erchad higher Up 


the butte, near the K boundary, working on scraps of a scapula 
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lean't get over it,” says Jay Warner, who is usually an engineer 

“Back in Milwaukee [ was worried | wouldn't find a single bone. I 
found a piece of a turtle in my first five minutes, a Atnacaire in tem: 

“We want to know what the pattern of diversity was,” explains 
the museum project's coorcinator, Peter Sheehan. “Tt has net beer 
idequately shown that dinosaurs already were dying out before th 
impact. We're trying to elimimate one of the two pessibilities—th 
Whimper or the bang. A gradual pattern of decline is not what you'd 
expect it an asteroid killed them 


Ss eh ALT contends thai Peet Pat ntes of Cinosa! diy eraity are 
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biased: The better-known North American fossil sites have been mined 
more thoroughly than other spots. Dale Russell of the National Muse- 
ums of Canada says dinosaur diversity in North America did not 
change significantly before the boundary. In central Asia, another 
dinosaur-rich area, it increased, while much of the world remains 
noorly sampled. 

In the past, fossil hunters usually collected only museum-quality 
specimens. Thev ignored the scraps, which may be the most valid incli- 
cators of the real abundance of late Creta- 
oFous life 

The scrap that creates the most excite- 
ment on this day is not dinosaurian, nor 
even teptilian., 

“We've got a mammal,” announces 
museum paleontologist Diane Gabriel, 
bending over her sliver of a discovery, a 
jawbone from a marsupial. “Tt was proba- 
bly slightly larger than a chihuahua. That 
means it was a giant for its time.” 


AMMALS are rare in these 
late Cretaceous rocks, but 
in the eves of the Minne- 
cota paleontologist Bob 
Sloan they are far from 

, « insignificant. Sloan 
believes that 200,000 years before the 

K-T boundary a receding sea level had 
create! a lane bridge between North 
America and the long-isolated Astan contt- 
nent. A plague of littl Asian mammals 
invaded North America and began eating 
the same flowering plants that most dino- 
S5urs ate, 

“The mammals ate much less food per 
animal,” says Sioan. “But there were so 
many of them. They ate the lest of the 
dinosaurs out of house and home.” Others 
suggest the dincsaurs’ nemesis was a 
climate-induced change in vegetation. 





[In fact, the dinosaurs and their huge fly- 
ing COUSINS. 
the few land-based animals to go extinct at 
the end of the Cretaceous. Turtles, croco 
diles, muauny lizards, and most mammals 
made it through, perhaps because they did not eat much and were 
ema enough to fined refuges. 

The croelest K-T extinctions struck the seas. Most plankton, the pri- 
mary food source, died out— understandable tf months of darkness or 
Hlohal acid rain followed an impact, All large marine reptiles also 
Vanished, as did most denizens of the seafloor. Rudists, huge coral- 
like clams whose shells built Cretaceous reefs, were obliterated 
Ammonoids—lovely, coiled survivors of many past extinctions —cicd 
out completely, 

Not all these creatures disappear from the fossil record right at the 





hs DLErOSauUrSs, Were ELIT PA ge 





Brbinchons 


A SPIKED COLLAR and uo 
rhine-like horn helped 
Styracosaurus (left) fer 
off his nuomber one erte- 
my—Albertosaurus, a 
scaled down version of 
T-rex who stalked the 
late Cretaceous coastal 
ews te wiht ia rare 
Dinosaur Provincial Park 
in Alberta, Canada. The 
Tyrrell Museum's lifelike 
replica is mideled on fos- 
sils found in the park. 

Whittever cotmed the 
ertinction at the end of 
the Cretaceous, this vere- 
tarion cousin of Tricera- 
tops wan't around to see 
it. Styracesaqurus disap- 
peared from the fossil 
record some 12 milfion 
vears before the K-T 
Percent. 
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K-T boundary, Some vanish earlier in steps: Thus other scientists 


argue the. the Ket impact was not the cause of the cyings. "Ercosys 
tems were decaying for at least two million years betore the impact 
PX ains Paleobinioagist Steven Stanley of Johns Hopkins University 
Stinley, a prammnent theonmst, sces long-term cooling as the culpri 
Vet there is no obvious reason for such cooling. The next ice « 
tens of millions of years away. Massive volcanic ¢ruptions may have 


dropped global tempeératiires temporarily by injecting particles into thi 
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atmosphere that blocked sunhiht. Indeed, one of the greatest outpour- 


ris of lava the world hee known occurred at the KR-T boundary. This 
basalt flow buried the Deccan remon of India. However, many volea 
noloPists doubt that the relatively calm nature of lava eruptions would 
propel much debris into the upper atmosphere 


Whatever cooled! the planet, Stanley contends that the Impact at the 
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i ready overstressed 
PiObe ecosystem 

45 [was told by another paleontologist: “Things got bad, then they 
Bot worse.” 

Impact enthusiast have recently come up with a way to explain the 
multiple stages of R-T extinctions. Farth, they argue, was hit mot by 
one great object but rather by a shower of comets that bombarded the 
planet over several million years. 

Erle KRautiman of the University of Colorado finds evidence for wild 


CISEITay in octin chemistry beginning two million years before the 
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bounty, Chose cliisruptivons, he areues. were created when comets 


sinuck the = is, PrAcratme teins mri OVEN Oj Far af Ano OF 


boxe water like those suerested for earlier extinctions Those ocenmnti 


events aleo could have created elohal climate crises far worse than Fl 


Nios we expenence today. The final terminating impact, says Kaufi 


Tuan, probably occurrent an lec hi bet STL Pouce OTe Stor, 2001 
and A pall of cust 
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‘major Question surrounds the final impact. Where's the cn 


raters are not alwavs obvious 
he largest Impact and the larges! 
extinction in the past hundred million 
Same Ciim 
largest extrusion of lava, observes 

geologist Michael Kamoing of New 

York Univeraity, “That's quite & com- 


and others suspect that 


Years occurred at the 


cience.” Fl 
the object struck India, thereby causing 


the creel Lieccan basaltic lava flows, 
lf Rampino is right, the R-T crater 

would be burted beneath the basalt 

vw quict farm town of 
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Or consider t 
Manson, lows 
a 32-kilometer-wicde crater that placiers 
filled with debris during 
are. Thus today the only striking fea 
ture-of Manson 15 its tall grain eleva 
Geologists, however, have recently 
dated the crater below Manson at 64 
millon years—pertect timing to make il 
the R-T killer 

Most scientists farer that 32 


the last ice 
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Cf course, the impact mav have 
a | | j = Ti = 2 So 
struck the ocean. If 40, the scarred sea 
oor could have been buried by sedi 
ments or been recycled into the planet's mnaras by plate tectonics 
ERHAPS more controversial than the impact hypothesis ttself 
is the notion that such showers occur regularly. Jack S 


boskt and David Raup of the University of Chicag: 


ri 
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have 
combed a century and @ half of fossil record keeping and 
foun i Dante th. | he’s SEL neck cof extinction about ewer 
‘6homillion years. Such remutanhy implies a cosmic driver to 
the extinctions. No known earthly mechanism keeps such good tire 
method 


& STATISCICA! i 


Many scientists dispute Raup anc Sepkoski 
many concur, seeking astroonysti al explanations 

The most obvious source for the calamities would be the dense cloud 
of comets that astronomers believe surrounds the outer solar system 
something could periodically unsettle that cloud, fingme a battalion of 
comets toward the inner planets over several million years 


Three mechanisms 2¢en proposecl, A dense, dark companion 








lave 


Extinciions 





TERROR of the triiobites, 


Anomalocaris (above, at 
center) did mot iast long, 
but nuany a trilobite 
fhiows winds attributed 
in the predator. If was ex- 
tinct by the end of the 
Combricn, whereas trifo- 
nites hme om until the 
Permian mitss eactinction. 
The fossil of a Jurassic 
fiah covered with armaor- 
lite scoles is mend 
froma Wear Gioerman 
quarry (facing page). 
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star orbiting our sun would toss out comets as it passed through the 
cloud. So might an onknown, tenth planet. Thirdly, our solar svstem 
moves periodically up and cown throug 
Milky Way galaxy, Perhaps our comet envelope is perturbed each time 
we piss through that spiral arm 

AStrophwaicists find dynamical problems with all three mechanisms 
Vinny orpue that the showers strike randomly, not regularly. Others 
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sec a frequency not of 26 but of about 40 million vears. 
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Both spacings fit the next «ra of extinetions, which hit between 45 
nnd 40 militon years ago. Those dyings eliminatec herds of rhino-like 
mammals and many sea creatures, Although iridium spikes correlate to 
some of these cdie-olfs, graclualists argue that a well-cocumented chill- 
tng of the seas cid the killing 

1dvocates of the 26-million-vear period point to a mild extinction 
around 14 milion veers weo os evidence for the most recent bombard- 
ment. Phat places us today safely between showers. Those favoring 340- 
million-year or random spacing are less sanguine. 

Michael Rampine poms to three large craters—Bosumtwiin Ghana 
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(10.5 kilometers in diameter) and two In the Soviet Union, Elevevtzvn 
(23 kilometers) and Zhamanshin (13 kilometers)—that were created in 
the past 3.5 million years. 

“We could still be ina shower," says Rampino. “Halley's comet 
could be part of it. We aren't out of the woods vet.” 

[Intriguing debris from the impact of a large celestial object 2.3 mil- 
lion vears ago has recently been found strewn across some 600 kilome- 
ters of the Pacific seafloor off Cape Horn. 

“About 2.3 million years ago there was 


Frank Kyte, leader of the University of 
Californiaat Los Angeles team that dts 
covered evidence of the impact. “Huge 
continental ice sheets developed in the 
Northern Hemisphere.” 


teriorating before this, our most recent ice 
age, setin. But be speculates that the in- 
jection of water vapor into the strato- 
éphere could have formed 's global cloud 
cover that reflected heat off the top of 

the atmosphere. 

“No one would are that impacts 
alone cause ice ages,” adds Mike Kam- 
pine. “But might they push the climate 
Inte a new state?” 







‘HETHER OR NOT we fit a 
cosmic timetable for an 
extinction, we surely are 
In one today, 

lt began in North Amer- 
ica about 11,000 years ago 
Most large mammals were wiped out 
Saber-toothed cats, mastocdans, mam- 
moths, huge ground sloths, short-faced 
bears, and dire wolves. All perished 
abruptly. What happened? 

Some scientists arzue that the climate 


conditions dried up the food supply of 
large herbivores, As the herbivores cisap- 
peared, £0 did the carnivores that preyed 
on ther, 

Che extinctions, however, wert 50 
rapid—within five hundred to a thousand years —that many scientists 
suspect an alternate—or at least assistant —viliain tn this extinction: 
Homo sapiens. Man the hunter emerged from the Ice Age with lethal 
new hunting technologies—snares, traps, and sharp-pointed weapons, 





Today the impact of human technology on the biosphere worsens. It 


exterminates not just the big creatures but the tiny, Man has become 
an asteroid. A very biz one. 


It is easy to blame today’s frightful extinctions on habitat destruction 


in developing countries. To be sure, the crisis 1s acute in Brazil and 


Marlagoscar and the Philippines, where rapidly expanding populations 


Extinctions 


an abrupt shift in climate,” notes geologist 


Kyte notes that the climate had been de- 


grew drier, In western North America aric 


LAID LOW by the hand of 
non, the woolly mummoth 
dippers to live again in a 
diorama presented at the 
Royal British Columbia 
Muacum tn Victoria. 
Museum technicion Wally 
Bishop checks the mishk-or 
hair that covers this 
Li-foot replica, modeled 
after the beast that ranged 
over North America, Asia, 
and Kurepe during the 
Pleistocene. Marty acien- 
tists believe the mancmoth, 
fie most of the epoch’s 
megafauna, was hunted 
to oblivion in Europe 

and Asio, tren becone 
extinct ds [ce Ape hunters 
invaded North America 
doross the Bering lane 


bridge. 
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mnie the need for economic development can erase a forest in weeks 
hey are lasing their inhertance 

the Bishop Museum in Honolulu. Just back fro 

where he 1s helping local biologists bolster national awdsreness of the 

protlem, Sohmer paints a dismal picture 
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nad one al the world’= richest biotas, will end up with only a handful 
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[tts easy for the wealthier countries to decn 
habitat losses, But we have only to ask who buys the tomber or beef 
Or who generates the acid ruin thatis wip 
ing out New England's sugar maples of 
West Germany's Hinck Forest 

The United States can look at Hawai, 


which most of us regard as paradise bul 
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which biologists consider the endangerec- 


enecies canital of the world 
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of the ‘o'o have pone unheeded 
the last of his species, the enc of the line 
“We've lost mot only a species," 


Te m A 7 ah 
Duvall, “buttts entire family 


honey eaters will be gone.’ 
Meanw it 
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Kamehameha L The cape was assembled from the plumage of the |ost 
honey enters in the late 18th century 


“Tt took the feathers from 80,000 


Leir ~ulde. 


Many Hawaiian birds were flightless. Before humans the islands 
knew no mammalian predators, andl wings grew less useful, Thus 
When humans brought rats and clogs, native birds and eggs were easy 


orev. Imported goats, pigs, and cattle ravaged avian habitats.. Homans 


feller their forests. 


Ina dark lava tube on the 
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42 Philippines, 


The leveled forests are 
If the logging 
and slash-and-burn agriculture don't stop soon, we'll wind up with en 


eivably this archipelage, which once 
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ands, Says Siate avicullunst Fern 
Livall., “hip call is illoreett Lhe 

like the flutes of the old Ha 
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e, in Honolulu’s Bishop Mu- 
achoolchitdren file past the celebrated yellow feather cape of King 


Oo make thie cloak.” says 


land of Maui ornithologists Storrs Ulecon 
James of the Smithsonian Institution excavate soils depos 


ited during the past 8,000 years, A-dark layer high in the soil strata 


PRiven for its plumage, te 
Haowution ‘o'o-a'a (top) 
wits cmerhivnted to adorn 
cloaks lie one worn by 
chief Kivala'o (facing 
page). Ayter studying the 
fossil record in Moaii'’s 
love tubes, Helen James of 
fhe Simithseanion. Jmstitu- 
tion (abowe) rates preda 
tors introduced fry 
Polynesians—pigs, dogs, 
and rote—as more deadly 
irene of extinction, 


AWHO'S WHO of extinction 
surrounds curator loin 
Bishop at Engtond’s Tring 
Zoolorical Museum. He 
holds the one species still 
living—an endangered 
ave-aye from Madagas- 
car. The Carolina para- 
heets (above) were 
collected in 1870, decodes 


ches are presently dying at 
the rate of 100 a day. 
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Aya aya 

Chiegqga. 

Mea. 

Pasanger pigean 
Carolina parakeet 
Tasmanian wolf 
Toolach wallaby 
Drove 

react duke 

Male heath hen 
Female heath hen 
Lébrador duck 


By tnek oe — 


= 
= 4 


Gh 


oo8 








contains charcoal, which has been dated as being 825 years old. *We 
think the charcoal correlates to the burning of the forests for agricul- 
ture,” says James. “We see bird bones below the charcoal and Polv- 
nesian rat bones above. Later we get black rats and house mice, an- 
nouncing the arrival of the Europeans,” 

New diseases arrived too. An avian pox, imported in 1964 witha 
pheasant from Nepal, most likely brought one of Hawaii's most unust- 
al birds, the ‘lala, or Hawaiian crow, to the twilight of extinction 

At the Olinda Endangered Species Captive Breeding Facility on 
Maui nine of the last fifteen known Hawaiian crows await the breeding 
season in their pens. Overnight someone has placed an offering —a vol- 
canic stone wrapped in a large leaf— beneath a statue of a Hawaiian 
salamander god that stands on the lawn of the station. 

“The offerings began when the crows were brought here in 1987," 
says Fern Duvall, who is in charge of the facility. “We must assume 
that someone is trying to belp the crows reproduce. 

“Actually, the Hawaiians did not think the ‘alala was a bird at-all,” 
he continues. “It behaves in remarkable ways. It feeds with its feet, 
like a parrot. It shrieks, growls, and moans. It makes noises more like 
atiger. When the feather hunters heard it in the fog-bound forests, 
they thought it was a spirit. If you killed an ‘alala, you paid with 
your life.” 

This season's courtship is beginning. Inone pen a male, named 
Keawe, and a female, Mana, are performing nest-building calls and 
displays. Their efforts are doomed: Disease has left Mana-sterile. How- 
ever, the mating ritual stimulates useful behaviors, Keawe's semen 
could later fertilize other females. Mana could sit on a nest abandoned 
by another female. 

The three other pairs of crows offer varying degrees of hope for 
building-a captive population. Even so, the outlook for the ‘alala is 
bleak. There ts simply no safe place for them in the wild at this time: 


AM ANGRY 45 [ rest from a hike on the slopes of the volcano 
Haleakala. In Hawaiian prehistory I would have been sitting in 
a diverse forest rather than this overgrazed scrubland dominatec| 
by prickly plants that cattle won't eat. Almost nothing, from the 
peacock that preened minutes earlier in my path to the cabbage 

, buttertly that just now alighted on my arm, is native. Is this 
island slope, where only the rats and the pigs and the cactuses thrive, a 
microcosm of our future? 

Other questions, fed by my fieldwork, arise. Hasn't this happened 
before —diversity suddenly becoming paucity—and each time didn't 
life recover to reach new heights of evolutionary creativity? In the big 
picture is it really so terrible, what's happening today? Life will go. on. 
No matter how bad we make things, some organisms will cope, sur- 
vive, then flourish. Isn't that the lesson of mass extinctions? What's 
different about this one? 

We are the difference. For the first time since life on earth began 
four billion years ago, a living organism can begin to understand what 
is happening to this planet. We can see that the health of species is 
interconnected, that if we let too many disappear, we will go too, For 
the first time, a living organism can consciously do something to halt a 
mass extinction, Perhaps most important, for the first time a living 
creature can gaze out across the species of the earth and say: This is 
beautiful. T care. [ will not let it go, O 
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Obdurate as stone, the cities of Senglea, Vittoriosa, and Cospicua, 


which cluster on Grand Harbour, weathered Turkish siege in the 


16th century and Axis bombing in the 20th. Despite a litany of 
invasion that spans centuries, Malta survives on its own terms. 
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trom: Sictly for &) miles or so, and there will 


be MWialta along with the other two iisod: 


270 and Comino i ositioned in the Mediter 
rancan with the squatty, menacing presence 


brood hens. Phere will be towers 


cue olen 
and forts and the splendid architecture of the 
capital, Valletta, rising above the ramparts 
There is a sense here of nobility and nm 
SOIVE, ANIM Plicit assurance of unsinkailits 
Down through the centuries 
Malta has been put to the sur 
Vival test time and time aan 
Neither Siieyman the Magrnifi 
cent and his Ottoman Enmipire in 
1565 nor the combined airborne 
military might of Italy and (ser 
many in World War 0 succeeded 
in visiting defeat on this batth 
CaTed nation. ven at mes of 
imminent collapse Malta ralhed 


With erand pestures of heroic 


(Christian faith, with the cross 
2660 Ione hand, a sword m 
the other. But looking beyonel 
the battlements, there i: anothes 
VWaltu to behold, a nation gore 
oe it +E lf on the hitte rSWeetl ct 
new independence: a nation, too 
SLIIVIE CO 2a LITA iad an 
deological footing in the family 
ot Western nations 
Just two years ago Malta wae 
nthe throes of an election cam 
paien marked by violence — 
eatih, eve on the streets a 
the cies and towns of the istend 
nation, When it was over, th 
Nationalists were im power, hav- 
img ended 16 years of socialist 
role by the Malin Labour Part 
Poday the polarization continues 
to the extent that last yea: 


rroup of Labourites blockaded Malta 


Debut ee Pol Bd 
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Grand Harbour in an attempt to preven! 


ritish naval vessels from entering on & Cour 
tesy call Amari Lins ADAH one ship WAS 
Prince Andrew 
But there is a growing sense of confidenci 
n the stability of Malta as the eovernment in 
Valletta reaches out in an effort to repads 
Labour Party-wrought damages to relations 
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N | \ | fs A COMPACT REALM, the 
7 Lf A republic's inhabited 


islands, Malta, Goro, and Comino, cover 
122 square ntiles, Once a hoven for NATO 
wornnhips, Malta now maintains ot policy of 
steodfost neutrality and prohibits foreign 
military Garber, 


ABE A: 316 sq km (122 34-mil 
Porta: 448,910. Gomes: 
Valletta, capital, 9,244, 

Nes Birkirkara, 20,490. LANGUAGE: 
Maltese, Enghsh. aLiGion; Roman (oth- 
olic, LITEMACY: 835%, economy: Industries: 
touriem, textiles, ship repair, Export cropa 
polutocs, flowers. Percapita income: 4,205 








* Selected prehistoric temple site 
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crackling in the air. It brings a 
a intensity to: Maltese life, 
even to the simplest of acts. [ once watched : 
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he did, explaining 
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The passion ts no less intense when an el 
derly man having coffee ina Valletta café 
says, La Lremember going to church 
taving the priest ask me il] voted Labouw 


When I told him I did, he ri to hess 


confession.” 


(ied 


‘fused my 
PoveErniment control, 
socuuists made an icon of the lunch pail, a 
r.” Ah, that word 
ites caress it with their 
Arian unto itself 

The former government turned against the 
Roman Catholic Church in the face of the 
reality that Malta subscribes to Catholicism 
more 
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Friday, a day observed in Malta with the 
muting of bell owermng of 


Hage to half-stall, thousands.of persons line 


h-state relations have now improved 


ere there are iyrics of iv 


pard in the land 


church 6 And the 


L 
the town.of Viesta to observe a 


procession of hooded figures (page 710) chrig- 


feet ancl of men 


ming heavy chains on thei 
bearmg statues depicting such scenes as Jesus 
Deng Hugged by Judas 

Phere similar (rood Friday processions 
discwhize: in Malta, but the parish 


Mosta, from where the participants set out 


church in 


having 
it happened in April 
[947. A laree (serman bomb came tearing 
through the dome of the church, a dome al 
most as larze as that of St. Peter's in Rome, 
bounced off an inter and then. slid 
s6 the marble floor nb failect to 


& ne the Amone 


carries the credentials of a miracle 


been at work thers 


r will, 
Che be 


re Were 00 11 


w 


ia 
Fo halal | 


att) 





the 300 worshipers who were in the church the sem, but there is no relief: shacows here 


That was the month, April 1942, that run tagether, 
would brenk the back of this seagirt land if it As Malta lies at midpoint between Europe 
was to be broken. The number of air-raic and Africa, there is a-cultural ambivalence 





lighest at work im the country, Under Labour, the 
for any single month during the three years of nation allied itself with Libya's Muammar 
World War that Malta lay under stege. The Qaddafi and allowed the construction of a 
Roval Opera House in Valletta took a Ger mosyue-on a site not far from the fort where 
man bomb and was destroyed. But the ruins the Knight: of St. John used the heads of 
would remain there, just inside the old gates) their Turkish captives as cannonballs. The 


alerts averaged close to ten a day, the 











to the city, as a symbol of the terrible ordeal relationship has cooled with the Nationalists 
of that month. in power, but Libyans continue to come to 
The outside world took notice of Malta's Valletta to shop and escape, if even for a few 
suffering, and on April 15, 1942, King davs, the austerity of their homeland, 
George VI of Greal Britain awarded the is- The images bere are often strongly Arabic: 
land the George Cross: "To honour her brave = festive street life and conspiratorial hud 
people... to bear witness to a heroism and diings, open-air flea markets on Sunday 


devotion that will long be famous in history.” ‘mornings, and everyday sales on the streets of 
A representation of the cross now appearson pies made of phyllo dough wrapped around 











the Maltese flag gobs of warm ncotta cheese (at least one ven- 
dor, with » stand just outside Valletta’s cily 
Bince THE pay the war ended, the mites, keeps his pies in wooden drawers, filed 
bombs stopped failing, anc the Mal away like ingots In avault). In contrast, there 
tese emerped trom the underground are whispers of British gentility here, along 
shelters, there has hardly been atime with poses of stiff upper lipmanship 
here, it seems, when the streets were not giv- lt was for their language that the Maltese 
en over to processions or parades or just the borrowed mast heavily from others. “About 
throbbing swell of heavy population densits 75 percent of the Maltese language is of Se- 
The three islands cover about 122 square mitic origin, including old Arabic,” Frances 
miles (nearly twice the area of Washington, Ehejer said. “Another part of our language is 
D. C.) on which close to 350,000 persons live. of romance origin. And, of course, we have a 
Whether on the promenades that skirt the lot of neologisms left-over from the British 
handsome bays at Sliema, one of Malta's occupation 
largest cities, or-alang Valletia’s Republis Thus, when Ebejer, a novelist and play- 
soreet, there is the unrelenting press of wright of wide renown in Malta, would like 


crowds. Malta strains against the embrace of  omulk for bis coffer, he asks for Aoi, as an 
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Arabic-speaking person would do. When he 
warts to offer a casual departure sentiment, 
he says, as would an Italian, ciao. 

Even with the Nationalists controlling the 
government, canonization of the worker con- 
tinues. And nothing becomes that more than 
the festivities held throughout the country on 
the first day of May, The buzz of prayers fills 
st. John's Co-Cathedral in Valletta on this 
feast day of St. Joseph the Worker as the 
archbishop's procession, trailing clouds of 
incense, nears the high altar in the centuries- 
old church. One highlight of the Mass will be 
the blessing of the tools and products of Io- 
borers and craftsmen and professionals. 

It is not likely that the builders of the 
church, the Knights of St. John, would have 
approved of such classless benediction. 

Although the order began a5 a hospital ser- 
vice for Christians stricken while on pilzrim- 
age to the Holy Sepulchre in Jerusalem, it 
later became a military one as well, and to be 
a knight, one had to be of noble birth, 

The knights. were not at first impressed by 
the Maltese islands, on which there are no 
rivers or mountains, where the sin burns inte 
the soft, yellowish limestone that underlies 
everything, and where the winds of winter 
hurl the sea against the shores. But, then, the 
price to be paid for Malta, as stipulated by 
Charles V, Holy Roman Emperor and King 
of Spain, was minimal: on All Saints’ Day of 
each year, one falcon. 

The knights ruled Malta for more than 250 
years, or until Napoleon took it away from 
them and held it just long enough to strip 
away many of the treasures. They fashioned 
the island into an imposing fortress that even 
30,000 elite soldiers in the service of the Otto- 
man Empire of Sileyman the Magnificent 
could not overrun. When they were not fight- 
ing, the knights were building — Valletta, for 
example, They quickly graced that tasteful 
city with structures of great beauty, including 
the awberges (inns) representing areas of Eu- 
rope from which most of the knights in Malta 
came; Aragon, France, Germany, Provence, 
Castile, Auvergne, Italy 

Being in Valletta now, or in the southern 
port town of Marsaxlokk, or up on the north 
shore near the bay where, it is written in the 
Bible, St. Paul was shipwreckeel, itis possi- 
ble to sense the presence of the knights even 
after the passage of all the centuries. For Jo- 
seph Galea, the past is more than a feeling; it 
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is the lengthy chronicle of a time when Malta 
was helping in no-small measure to thwart 
the designs of Islam on Christian Europe. 

Galea, a knight himself, was detailed in 
1938 by the government of Malta to collect 
the records of the order. “| brought all of 
ther to the library, 45 a repository, and have 
been working devotedly ever since,” he sald, 
“They go back to 1107, and, in all, we now 
have more than 5,000 volumes, It's my life:” 

Mdina, the ancient Maltese city and former 
capital where Galea lives (part of his house 
dates back to Norman times), figures promi- 
nently in the extraordinary historical pedigree 
of the country, Like Valletta, it is a fortified 
city with gates-and of a character drawn from 
reaches to Rast and West. There are small 
signs on same of the doors of the howses in 
Mdina cautioning proselytizing Jehovah's 
Witnesses not to bother to knock, but other- 
wise there is a feeling m the city suggesting 
that little has changed since St. Paul was 
here, making a believer out-of Publius, the 
chief Roman citizen of Malta. 

The knights continue to maintain a medical 
facility —a blood bank—in the country. 
“More than half the blood needed in Malta 
comes from this bank,” the director, Dr. 

Paul Farrugia, who is a knight, told me. 

In Malta membership in the order has in- 
creased in recent years to where there are 
now about three dozen, most of them elderly. 


T 15 JUST AS WELL that Dr. Farrugia and 
the other knights in Malta are not at 
batile ready, for invading forces no 
m longer come to these shores. With the 

recent application of nuclear power to the 

tools of war, Malta has lost much of its strate- 
gic military value. Its natural harbors are still 
among the finest in the world—indeed, Val- 
letta’s Grand Harbour may be the finest—but 
the days when naval vessels steamed into 
these waters are pone. 

"IT would agree that Malta has lost its posi- 
tive strategic value, but it still retains a nega- 
tive strategic value. It is in the interest of 
other nations that Malta should not lean to 
one side,” saic) Edward Fenech-Adami, the 
nation’s prime minister. “I mean, NATO no 
longer needs Malta for its defense purposes. 
Cm the other hand, NATO would not like 
Malta to oto the Warsaw Pact, nor do the 
Maltese want to. This is the negative strate- 
fic Value speak about.” 
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be a nation in the grip of desperate thirst 
“This i5-ane of the largest seawater reverse 
osmosis plants in the world,” said Tim 
Clark, an American who is director of opera- 
Lions, “The production here is about six mi- 
lion gallons of water a day.” This and three 
other plants produce abgut 16 million gallons 
A AY against a nationwide need of 23 million 
gallons, The rest comes from wells 
N MANY mornings the cliffs of 
falta are alive with gunfire as 
hunters, or, a5 they call them 
ud , “sportsmen,” shoot or 
oof the birds a5 possibte. Most of 
grants, setting down on the 
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islands while en route to Aifica or Europe 


The Maltese have long had an obsession 
with birds. Old men are frequently seen. on 
the streets carrying small finches in cages, 
taking the bird lor an outing 25 a dog is taken 
fora walk. Still, there are men who position 


themselves on the cliffs; before dawt on 


spring mornings, with their backs to the 


wind, and they shoot and shoot until, at 
the end of the spring season, nearly. 100,000 
turtledoves have been killed 

“Migratory birds were, for a long time, a 
food source for Mediterranean people,” Joe 
Sultana, former president of the Malta Orni 
thological Society, said. “The Maltese no lon 
rer shoot them for food. They do it for fun. 
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Those 100,000 doves shot—that's. a poorsea- here, filling up each summer with tourists 


som; they kill twice as many in a good one.” from the United Kingclom and other parts of 


Perhaps the greatest tragedy is that of the Europe, but mostly Britain. The Britich ser- 
falcons: Speak of Malta in San Francisco or, wicemen who were stationed in Malta during 
for that matter, in Nouakchott, MEauritania, the Second World War come back. They 
and the reaction likely to be one of instant bring their families, ancl they sit in the fierce 
recognition: the Maltese falconof Humphrey heat of July and August, and they remember 
Bogart film fame, Until two vears ago, there As an independent Malta gropes to find its 
were one or two pairs of peregrine falcons Hace in the world of nations, more and more 
nesting on the cliffs, but now there are none altention is being directed toward tourism 
Sultang savs they were shot, it would be wrong to draw visions of Malta 

Cn the other side of the main island the asa Mediterranean island rimmed m white 
SHOTE 15 MOre Tentic, PIVEN OVEr at Places Lo sand and splashed with the brilliance of 
pleasant beaches. Many resort hotels are blooming oleander. The recreational beaches 
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with animals and seeds, and here, ata time 
before the pyramids were built in Egypt 

their descendants constructed megalithic tem- 
oles of ingenious design. Though im ruins, 
they are still here, at Hagar Qim and Tarxien 
and the ones called Geantija on Gozo 

Tony Dingli is not an expert on. the (gan 
tija ruins, and, indeed, ihere are not man} if 
those who live on Goxo who can explain the 
Dlr pose of the niches altars, or bation 
holes. Hut Tony Ding knows (soz0 and tts 
mec ple 25 well as anvone 

He knows, for example, of a place at tne 
lovely seaside village of Xlendi where there 
are steps leading down a cliff to a small 
secluded beach, Once there was a gate with 
a padlock at the top of the stairs, and the 
only keys were in the possession of a growp 
of nuns. Now the access is open to all, but 
for many vears, Dingli likes to recall, figure 
in white could beseen going up and down 
the stairs, while the muffled sounds from the 
hidden beach were no different from tose 
of youn? cirls and their squeais when testing 
the temperature of the surf 
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the Computer Age 
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In the snug safety of a flight simulator's stationary cockpit, a pilot 
experiences an astonishingly real sense of combat. Images on 

the surrounding dome represent the ultimate in computer graphics, 
a fast-evolving phenomenon of the information age. 


PHOTOGRAPHS BY FRED WAKD mucx 





Por eves only, the Etruscan Vertu 
(opposite, foreground), alomg with 
most of the “things” pictured in 
fie article, exists only in the 
untouchable world of computer 
arophics. At the University of 
Iinois National Center for 


Supercomputing Applications, the 


VeTu ond her corpaniins dre ac. 
tuclly visualizations of complex 
equations created by oa mathema- 
tician,.an artist, and a program: 
mer working together A 
technological prodigy fueled by 
society's expanding supply of 
Computing Dower, computer 
paphics com.redice millions of 
numbers to a form readily accessi- 
ble to htiman comprehension. 
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N THE DARKENED ROOM at the University of Ilinois, a distin- 
guished professor of mathematics named George Francis 
hunched over a computer keyboard. Above his head, ona 
row of oversize screens, | watched the computer graphic he 
had créated take shape—a dreamlike female form, all curves 
and sensuous undulations. 

This was not what I had expected from a mathematician. 

“What-am [looking at?" Lasked, 

“A revolution,” he replied, “a genuine revolution." 

“Pardon me — but it looks more like the goddess of love.” 

“Tthink so too,” said Professor Francis, mightily pleased. “But 
beautiful as she is, she's pure mathematics, a visual representation 
of equations.” 

Francis is but one of scores of artists and scientists I met over the 
past year whose lives have been transformed by their involvement 
with one of the world's newest high-tech tools, computer graphics. 

Computer images are everywhere: on television as station identi- 
fication, in commercials as dancing fruitand singing toothpaste, on 
computer screens in practically every scientific and manufacturing 
lab in the world, and in space-age magazine illustrations when an 
ultramoedern look is needed. 

Computer graphics are pictures generated by a computer pro- 





grammed and operated by human beings. Only the imagination of 


the user limits the farm they can take: animation, simulation, 
graphs, re-creations, portraits, architecture, drawings, paintings, 
or just simple lines, Because computer graphics are a way of mak- 
ing thoughts and ideas visible, these revolutionary images are 
becoming the wiiversal language of our time. 

George Francissays that the insights revealed to him by this new 
technique have changed the way he thinks about mathematics, 
“T've been reborn,” he told me. “I'vetaught college math for more 
than threedecades, And until lsaw my work visualized by comput- 
er graphics, I never truly understood differential geometry.” 

So, how co computer graphics work? In concept, rather simply, 
A compulerécreen is composed of tiny dots thal act in the same wav 
as signboard light bulbs. Each tninuscule det, or pixel, can be 
switched on and off like a bulb—but dozens of times.a second. 

With the screen as canvasand lightas paint, acomputer user cre- 
ates an image on the glowing suriace of a picture tube, Adecacleago 
a programmer had to write an elaborate script tosawitch each pixel 
on or off. Now, thanks to ever speedier equipment, un artist can 
turn aseries of red pixelsinto a red line as fast.as he candraw witha 
lizht pen, stylus, or mouse. The industry ts literally bursting with 
energy. Almost daily one volatile innovation sparks another, such 
a3 Intel's recent introduction of the world's first million-transistor 
microprocessor. A chip a quarter of the size of a postage stamp, it 
will help generate even faster images, A-society without computer 
graphics will soon seem as quaint as the world before plastics. 

Millions of products mace in the U.S.A. are designed, drawn, 
and protetyped on a computer before manufacture. Thanks to 
computer graphics, scientists “look” inside molecules too smell ac 
tually to be seen. [tis also perfectly possible nowadays to visualize 
the interior of adving:star ora nuclear explosion. The mind can go 
places where no physical being will ever be likely to-go, 

Anything that can be imagined can be imaged, in exquisite detail 
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SOME OFiginal Works, such 2s entertainment or television com 
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caused the tragic explosion of the space shuttle Challenger. The 


joints were redesigned after their mathematically expressed char- 
acteristics were turned into vivid computer Era! ics, LxXemininit 
these images of the jomts under stress, engineers could clearly see 


how fuel-tank O-rings failed in cold weather and caused the great- 


est American baperdy of the space age. 

Computer graphics are an indispensable tool in training the 
crews of spacecrait and commercial airliners. Events that cannot 
be staged because of their danger, cost, or inaccessibility are even 
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ina thunderstorm with two engine: on fire and the wheels locker 
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The source of much of the world’s high-juality simulation is the 
salt: Lake City headquarters of the pioneering computer firm of 
Luthor-photegrapher FRED WARD Carries 4 portable computer wherever 
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Ornider dnd cites are depicted 
with equal case by the computer 
Gnmotor at Poor, who menidered 
troupes of on expioding globe, 
They are similar te the hologram 
representing the environmental 
destruction of earth that was fea- 
tured an the cover of the Dye- 
ember 1988 (s£OGRAPHIC. 
Progummed with elevation data 
from earth satellite surveys, the 
modeling software served in effect 
as an engraving tool for the contt- 
nents of the crystal elobe 
Producing a 20-frame explosion 
sequrnce proved o speciol chel- 
large, since gicas, especially bre- 
hen gloss, is extremely difficult to 
sirmulate. After studying ahords 
of real gloss, the artists were able 
fo write. software program that 
produced convincing hightiphirs 
and reflections 
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that can look. ahead in bad weather and alert the driver todanger or 
when it's safe to pass.” | accelerated toward a hill and curve at 70 
milee an hour: Suddenly murky fog obscured my view. 

Wilftted shouted, “Be careful!” T swerved to dodge ice clicks 
now too close to: miss. My braking speed, duration, and intensity 
were being recorded, as wasthe rapid beating of my heart asthe car 
skidded sideways into afield, complete with the sights and sounds 
ofa bad crash, The sensation of disaster was all too believable. 

According to Joel Orr, president of the Virginia-based National 
Computer Graphics Association (NCGA), the auto industry was 
among the first to fully embrace computer design. Now the use of 
COmMpPUlers in this wav is so common that the function has a com- 
monly accepted name. “When a computer is used to help design 
a new product, that's computer-aided design, or CAD,” Orr 
explained. “If a computer actually assists in making the product, 
that’s computer-aider] manufacturing, or CAM. CAD/CAM 
accounts for more than half the nine billion dollars spent world- 
wide in 1988 on graphics hardware and software,” 

At 3D Systems, Inc., near Los Angeles | watched CAD technol- 
ogy in action asa computer guided a blue laser beam over liquid 
polymer, tracing the image of a turbime-at the top edge of the flutd. 
The laser light hardened the polymer, producing an intricate solid 
working model of a turbine in less than an hour without human 
intervention or the clamor and grime of workshop or factory. 

Nearlyevery field that uses product design, from parts manufac- 
ture to cars to architecture, & Influenced by CAD/CAM. The 
s0-Callecdl| what-if concept, which capitalizes on the computer's ca- 
pacity to analyze a variety of solution: to every problem, makes 
computer graphics a powerful design tool, Architects can expert- 
ment with limitless options before producing blueprints. Clients 
can éxamine computer-graphics images of their new buildings 
from different angles and in different light long before ground- 
breaking. Architect and client can actually experience the sensa- 
tion of “walking around" astructure that has not vet been built or 
even lift the building off its foundation, merely by manipulating the 
color, shading, and viewpoint of the computer-graphics drawings. 

Because of the computer's unique ability to change the point of 
view on the screen, astructure can be examimed from ground level, 
from across the street, from the window of an airplane flying over- 
head, in winter or summer, day or night. 


N THE SUBURBAN DALLAS office of Doug Struthers, oné of the 
lew male computer artists I met who didn't sportthe industry's 
standard mustache or beard, I gained a better understanding 
of how it's possible tomove objects around a computer screen. 
Seli-taught and enthusiastic, Doug worked on an illustration 

commissioned for this article as we talked (mages 722-3). 

“What makes moving around within a scene possible is the 
introduction of a third, or depth, dimension,” he explained, “S:at- 
urday cartoons are usually animated in two dimtnsions (2-D): 
Commercials, logos, and show openings where the cameraappears 
toily through a scene or change viewpoints are 3-D." 

Although about atenth of all U.S, television animation is creat- 
ed on computers, such animation is often limited to show openings 
(the symbolic lead-ins of the Olympic Games) and “flying” station 
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television screen is probably a computer graphic 

[mages that once took hours to draw can now be generated in 
fractions of a second. A-typical graphics workstation (which has 
shrunk to the shape ofan oversize desktop personal computer)now 
has a million pimels in ite screen. The newest Evans & Sutherland 
flight simulator controls a million pixels on each of tts six screens 50 
times ao second—a mind-boggling 600 million a second 


The most visible bencficrirics of faster processors are the anina- 


tors; peapie who make pictures move. John Lasseter, one of the 


WOrkd $5 best known 3-L animators, andl got an early morming Start 
nol long ago at Pixar, in Sain Ratael, Calloriia An unusual firm 
evolved from a company begun by moviemaker George Lucas, 
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animators spend 


named for cartoon characters, and happily typed instructions into 
‘Minnic.” John, a spirited Disney alumnus and 
hero, has inspired a generation of computer artists to coax and 
Four of his short films, “Tin 
"and “The Acventures al 
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Disney, the studio that created the animated cartoon, has begun 
incorporaling computer graphics into its films. But many believe it 
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nrough New York subways.” As Disney computer artist Tina 
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Drafting without drudgery Bonnie Sullivan, a voung American who started asoftware firm 
architects were among the first near Tokyo, identifies two additional hurdles. “This culture itsell 
beneficiaries of the grapfics isa barrier,” she says. “No Japanese wants to stand ow 
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Yoichiro Kawaguchi, a harc-iriving, hard-drinking extrovert 
whodefies all the usual Japanese stereotypes (except, perhaps, for 
the samurai). Kawaguchi works inadiney office at the private Nip- 
pon Electronics College where every desk is piled above and below 
with bags anc bags of unanswered mail, Though he swears that he 
has erased all his old data tapes, he somehow continues to produce 
porkeous LPains] Maren Hes from earlier WEreets: 

Born on “Taneza Shima, one of Japan's warm southern islands, 
Kawaruchi's computer art was inspired by early snorkeling ex- 
periences. His fanciful, swirling orgamic shapes are unique and (On the cutting edge of realism, a 
captivating. In the opinion of many, Kawaguchi stands alone simulated image of a steel mull 
in his country demonstrates the uncanny trod 

[tis un opinion that Kawaguchi himeelfshares, “Withcomputer ment of ight achieved by com- 
sraphics 1 can let my imagination fly,” he says,sweeping his hair -PUler ecperts.ar’ ormel! 
from his eves with a nervous gesture. “Artists in other fields can't Universtty, a wordd leader tr 
do what Ido. With computer graphics | can combine math, biolo- 
cy, and my dreams, 

The fantastic Kawaguchi style represents one pole of the 


praphice research, Lising scientific 
principles of light dispersion, they 
employ shading and shoacowns ta 
convey the subtle cues necessary 
lantasy-Versus-realism controversy that raises PMISSIOnS among 5 


: to understand increasingly 
computer-graphics profess nals complex imager 
“Tn art and entertainment most people wantfantasy,” comtenmds (€7 « enue, ) wmiact, 0, comm, ane 
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Roy Hall, who was in chorge of software development at Santa  cosseu userearr comow): alrneie 





miges for the Computer Age 743 





Barbara's Wavefront Technologies, « leading software finm, until 
he returned to Cornell to teach. Charlie Mullen, formerly at Lucas- 
film's Industrial Light & Magic, adds, * Photo-realism is 9 waste of 
the medium. If that kind of detail is needed, pet a camera.” 

At Los Angeles’ Rhythm & Hues studio, Charles Gibson voices 
another point of view: “Computer graphics is a way to do things 
impossible to. do in any other way. A motionless aspirin tablet is 
for photography. One blowing apart in air or dissolving in a stom- 
ach is for us,” 


AKING UNHEAL PICTURES of real accidents forms the 
core of an innovative applicahon for computer 
graphics. | watched various tragedies take place in 
appalling detail on computer screens at Forensic 
Technologies International in San Francisco, a firm 
that constructs evidence for court trials, re-creating cur or plane 
accidents so the jury can see what happened. A different video pro- 
duced by Forensic Technologies used a splitscreen to show week by 
week what a building contractor promised and what he actually 
delivered, The animated comparison resulted in an out-of-court 
settlement of a civil suit filed against the contractor. 

New York artist Nancy Burson and computer scientist David 
Kramilich deal with another kind of legal and social issue using their 
patented aging method. They take the last known photograph ofa 
missing child and “average” it with pictures of an aclult relative 
the child resembles to produce pictures of how the child might look 
after being away for several years. Already their method has been 
successful in locating lost children. And the FBI employs their 
techniques to envision how criminals may have altered their 
appearances to elude identification. 

Customers at beauty salons who wantto steal an admirer'’s heart 
can graphically alter their own appearance on monitors before 
committing to new colors and hairstyles, What-if comparisons let 
physicians and patients planning reconstructive or cosmetic sur- 
rery preview new noses and figures from a variety of on-screen 
choices before doing actual procedures: 

Other meclical fields have also embraced realism in computer 
graphics as a fundamental tool. At Pixar] saw standard CT scans, 
normally cdisplavecl as flat two-dimensional black-and-white 
Images, reconstructed as color-enhanced 3-D pictures that coule) 
be rotated in space for examination and diagnosis. 

At the Hamburg University Hospital Karl-Heing Hohne took 
me ona tour af a patient's skull. Weexplorec the cranium as if it 
possessed no tissue inside ar out. Then, examining every small 
deformation, we looked at the brain in exquisite detail, pausing at 
the flattened area caused by a malignant tumor. Donning red- 
pretn glasses, [ marveled at the view in stereo. 

The patient was fully awake during the procedure, and our sim- 
ulated sojourn through his head was done without looking directly 
at him, Afterward 3-D images of his brain were created entirely 
with computer graphics using magnetic resonance imaging data. 

Later, at the German Cancer Research Center in Heidelberg, 
Hans-Peter Meinzer showed me how computer graphics fills in 
the spaces between CT-scan slices to recluce patient rachation 
exposure. His computer program enhances black-and-white lung 
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a favs to deliver more informative color images. In the same insti- : 
tution Wolfgang Schlegel determines the placement and dosage of 
tiny radiation capsules in the Describine 
his technique of implanting the minuscule 0.8-millimeter racdioac 
tive metal capsules precisely within a tumor, Schlegel says: “We 
could never a5 at before t site advent of « compule rp Faphics Beng 


brains ol tumor patients 


dase an ils Maa ment with great precision.” 

Molecular biology and genetic engineering also depend on com- 
puter graphies. In a darkened computer-zraphics room typical of 
S., Genex scientists in Maryland sat he- 
fore a glowing row of Evans & Sutherland terminals redesigning 
en?) THeS (to pros L celergents sf COnNLNDen AW iy Ll ol Franc 1<- 





others lL saw across the U 


Tnolecular graphics modeler, uses 
computers to visualize proteins and DNA, creating images of the 
Duil of lite that more clearly explain their structure ‘nd 
interactions than o book-length string of words 


o, Robert Langridge, a lending 


ii a 
os No« | te 








National Geographic, June 1089 


INAL LABORATORY in New Mexico, tsolated 
luring World War Il sethat scientists could create the atom 
wmb in secret. now Pry icles OM putes facilities for a great 
range of advancerl research 
Dresence of the Ereatest computing “horse power: EVE 
assembled under one roof, Karl-Heing Winkler devises problems 
that would choke most systems, Rapidly pounding keybourcds in 
a room filled floor to ceiling with the latest digital video tech- 
nology, the bearded, burly Geenman transplant exuberants 
described his progress 
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A new field of peometry wits 
emirwined in i975 by mathe 
hcian Beno B. wancdelbrot. [fs 
formulas make tt possthle to 
Renerite auch wild ahurpes as the 
Mondetbrot set (below) and the 
fuliaset (berthom), as well os 
LT Fino CLOLs, mountains, 
qt otter rotural fons. Boch 
creation, or “fractal,” ts made wp 
of sumitar amoller units (for &x- 


iniple, tony miurntiiris), them- 
Selves COMpaARed of progressively 
amnaller replications 





worlt—and 11 of them are howsed in-one room at Los Alamos: 

“Graphics can teduce billions of numbers to a very few 
concepts,” Winkler continued. “Computer simulation is often 
the only way to get some information, For instance, work is being 
done on anew hypersonic plane that will fly as fast as Mach 25— 
L7,500 miles an hour 
can handle such conditions, design and testing are done with 
computer simulation and graphics. Computer graphics makes 
math visible.” 

Larry Smarr, director of the National Center for Supercomput- 
ing “Applications at the University of Thnois, recails his first expo- 
Sire to computer graphics at Lawrence Livermore, California's 
Sster lab to Los Almnnos. “Twas working on general relativity, and 
when [saw the power emerging with computer graphics, [knew | 
had to change the way I was doing my research, [realized that by 
cOmoining supéercompulersand computer graphics, we couldactu 
ally unlock the mysteries of the fundamental laws of nature.” 


at hieh altitudes; Bechiuise no wind tunnel 


Now creative professionals whom Larry assembled on the Hli- 
nos campus at Urbana-Champaign sit in dim 
derlands deciphering cosmic secrets on high-performance graphics 
workstations. Donna Cox, the resident artist of the Renaissance 
Team she organized, shows with her rapid-paced tech talk a deep 
commitment to and belief in the new technology. “We want totake 
the best of the Renaissance concept and produce digital harmony 
with the latest tools, she tells me. “TL feel that if we put a scientist 
or mathematician or both witha computer specialist and an artist, 
new and wondertul things will emerge.” 

The scientists on the team agree that their field, called scientific 
visualization by the profession, isone of the hottest. Astrophysicist 
Michael Norman sums up the wonder of it all as he stands before 
the projected video animation of a tumultwously swirling tip of an 
extragalactic jet that may be a million light-years long: “Look at 





¥ lit high-tech wen- 





that motion! The best telescope can only represent these evolving 
gigantic jets as frozen snapshots at an instant in ime. My simula- 
tion lets me study them close up in any color al any speed.” 


CONSIDERABLE AMOUNT of the history of computer graph 

ics has been written at U. 5. colleges, So much of it origi- 
nated in one place, the University of Utah, that a famous 
rroup of graphics pioneers is still called the Utah Mafia. 
m® Dave Evans traces its genealogy: “Tcame bere to teach 
im 1966. It was magic then. Four years after [van Sutherland sub- 
mitted his MIT Ph_D. thesis on Sket chpad, the first modem graph- 
ics package, he joined me here, John Warnock left and founded 
Adobe Systems, which created the PostScript image-and-type- 
definition language as well asthe breakthrough Illustrator designer 
programs. Alan Kay, one af my former students, described an in- 
teractive personal computer im his thesis. He took those leas to 
PARC, Xerox's Palo Alto Research Center, where they were the 
basis for the original graphics workstation.” 

I met the Itgendary Kay, now an Apple Fellow, at Apple's 
crowed West Hollywood offices: Every bit the Californian, Alan 
arrived wearing a “Mac” T-shirt, running shorts, and Reeboks. 

“We built a machine at PARC that was well ahead of its time,” 
he tele me. *"The Alte, which cost $20,000 then, was the precursor 
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of graphics workstations. We had overlapping menus, & mouse, 
cons, and WYSIWYG [pronounced wizzy Wic—W hat- You-See-Ls- 


W hat- 


You-(90l—and meaning seeing type, pictures, ancl layout on 


the screen as they will appear in print]. We hac @ ten-year lead on 
the world,” 

During thase heady cdavs at PARC 
at work m Velie . 

Although, as Jobs gays, “man is a tool builder,” tt still 
took humanity two and a half million yea: 
the first tools to constructing the 
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What now exists is only the beginning. The creative possibilities 
fimind and chip engaging in agive-and-take process of innovation 
ire a5 stagpering as printing, harnessing electricity, or mastering 
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Ina lofty realm beyond 
the Himalaya, momods 
lend their sheep, routs, 
and yors from pasture 
io pusture os they hove 
for centuries. Man 
and heast thrive in the 
roirehied air of Tibet's 
starkly beautiful 
Chang ‘Tong fnorthern 
platcan), where a 
feenage girl, at right, 
chatting with her sis- 
ter, bove with o tassle 
in her hair, 

In the late 1960s 
the CAinese forced the 
nomads into communes, 
a policy abandoned 
in. 1980. The authers 
first Western anthra- 
polocists allowed tea 
do long-term fieldwork 
in nmindern ‘Tibet—found 
a recommitment ta 
hroditional ways among 
one of the world’s Lost 
great nonadic societies, 


Text and 
photographs by 
MELY YN 
CrOLDSTEIN 


ANC 
CYNTHIA 
BEALI 





Tibets Nomads 





An afternoon rainbow 
punts the summer sky 
as yaks head back to 
cump after a day of 
gracing. About helf a 
mutton nomads five on 
the forbidding Chang 
Tang, where dramatic 


Mmountiin ringes rise 
from a fland dotted with 
lortndiocked salt lakes, 
Here, where the averiuce 
elevation tis 15,0000 feet, 
iMperatures conadrop 
S0 degrees ina single 


day as sudden ona 
ferocious winds tusher 
In stinging howistornis, 

The authors spent }6 
months studying a 
rroup of 265 nomads 
whe live in widely scat- 
tered comps within a 
2o0-syudre-mile ared 
dbutting a lake oolled 
Motsoburnryi, meaning 
“tw Sisters.” With 
Many canips isolated 
ond separated Ir 
Mottin PUsses, SON 
nomods newer sce other 
group members during 
their entire lives, 
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Pethered shinuider tn 
shoulder by a single 
rope, pots ore milked 
On ct aTuoary SUT 
nrenine. A mere pull on 
the rope frees the 
cninnils then milking 
is done. “T wars im- 
pressed Py the monaas” 
efficiency,” says 
co-author Goldstein, 
“i tey perform their 
tisks with very litte 
wasted motion.” 
Simmer is tine brs 
@sf time jor Perri 
Phot is when sheep ani 
routs produce the most 
milk, which ntiust be 
collected and processed 
into vorurt, bitter, and 
cheese, Women also 
tend the fires and cool, 
all the while watching 
children. 


BESIDE A DUNG FIRE im his 
mk-hair tent, aromatic smoke 
Trintey, & 
Tibetan nomad, rhyth- 
micadlly pumped the fire with his roat- 


ITTING 
black 4 
whirling around brs head, 


64-year-old 





skin bellows. 

As he offered us the typical nomad hos- 
Ditalty of salted 
mae bal 


butter tea, yorturt, anc 
a flour made from roasted barley— 
we told him of our plan to: 
for more than a year 4 | look of incredulity 
SDreid across his face 

“Butitis not possible for vou to live hereon 
the Chang Tang in tents,” he said. “Tt ls tit 
teriy cold and windy in winter, and only we, 
the wroebal nomads), can survive here.” 

With that sobering introduction we began 
inhabitants of one of the 


tay with his group 


our study of the 


world's highest frontiers—the awesome area 


of Tibet known as the Chane ‘lane. or north 
ern plateau 
{hane Lang's tai 


Lhespite £5 mame the 


PTESSInOSs are broken up by LWIsting Mmoun- 
tain ridges and dotted with bright, 
blue lakes, 
Tibet, the Chang Tang 
thirds of Tibet's 
thowsaind miles 


Ladakh in the west into the Chinese province 


Sapphire 


Located bd central arial northern 





CONnLAINS some two 
landmass and spans about a 


from the Indian region of 


of (inghalin the eastimap, rizht), Witheleva- 
ions between 14,000 and 18,000 feet, the 
(hang Tang suffersextremes of weather: di ily 

temperature variations of up to 80 deprees: 
temperatures of minus 40°F; and sud- 
den storms whose musts can blow a rider off his 


whidler cirifts of freer 


Winter 
horse or vak. or bury bin 
ing snow 

Vet this plateau 1 home 
to between 400,000 and 500,000 pastoral 
nomacts 
eked out 
they are AN integral pert cf 

We first came to the 
the only Western anthropologists so far 
permitted to conduct extensive field research 
in Dibet, which & known officially as the Tibet 
Autonomous Region of the People’s Republi 
of hing 

During an earlier visit: [ was struck by the 
vitality of nomactife on the Ching Tang, one 
cuumples of the great nomadic 
socteties that were ance widespread through 
oul the world. On my return to (ase Western 
_ynthia 
ancl TD both teach, | propesed ajoint field stud 


bleak, mapest 


who for centuries have not merely 


i living but have en thimved that 
F Tibet's economy 
Chang Tang in June 


LO SG 


of the lias 


Reserve University in Ohio, where 
of the (Chang Tang norms 

After winning approval from the Tile 
Acanemy of Socia Lhasa. the 
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capital, we began a 16-month study. We re- 
ceived funds from the National Geographic 
society, which had supported projects of ours 
in Wepal and Incia, and from the National 
Academy of Sciences’ Committee for Scholar- 
ly Communication with the People’s Republic 
of China. The National Science Foundation 
later gave us supplementary fimds. 

We chose as our research group 265 pastoral 
nomads living in Phala, an aren about 300 
miles northwest of Lhasa. They comprise 57 
tents, or households, organized into small 
camps numbering two to eight tents each 
The Phala nomads herd yaks, sheep, goats, 
and horses, residing throughout the year at 
sites ranging from 16,000 to 17,500 feet in 
elevation. Living at such heights makes them 
the highest resident native population known 
in the world. 







r E RENEW that the nomad herders 
f of Tibet had undergone excruci- 
ating changes since 1954, when the 
¥ Dalai Lama fled to India in exile. 
First there had been the closing of monaster- 
ies, then the Cultural Revolution, with its 
Insane Violence and its enforced communes. 
Then in 1980-481 China reversed itself and 
implemented the so-called “responsibility” 
econamic system, which restored the family as 
the basic wnit of production 

One day not long after we arrived in Phala, 
we heard our first account of this from 
Wanam, adevout Buddhist and head of one of 
the wealthier families in the area before the 
Cultural Revolution, Wanam isa pseudonym, 


The Remote World af Tibet's Nomads 





as are all other names in our story: Policies 
have changed too often in China over past 
years, and we would hate to see one of our 
friends and neighbors punished later for some- 
thing they told ws. 

One morming in 1970, Wanam recalled, the 
local Tibetan leaders of the Cultural Revyo- 
lution appéared before his tent and ordered 
him outside. 

“They called me a reactionary and a class 
enemy,” he said. “They told mé, ‘From today 
on, your animals and goods are confiscated, 
and you will live ander the guidance of the 
people, just as the poorest of the poor lived in 
the old society.’ 

“They ripped off my earring, my rings, my 
necklace, and took my silver flint striker and 
bullet bolder,” Wanam continued. “They 
aso confiscated my new sheepskin robe, 
saying that it was too good for the likes of a 
class enemy such as me: In its place they gave 
me an old worn-out robe.” 

Whitt happened to the rest of your family’s 
possessions?” we asked. 

“We lost them all,” Wanam answered. “At 
the time my family owned about 1,200 sheep 
and goats and [OO yaks. The new leaclers took 
everything except 40 goats. They left us only 
one pot, some barley grain, and alittle tsamba. 
And then they took away our fine yak-hair 
lent, piving us an old, tattered canvas tent in 
its place.” He shook his head, 

“We were stunned. Our whole life's wealth 
was climinated in minutes. We didn’t know 
how we would survive, since the leaders also 
said we could (Continued on page 764) 
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Howeheening beside 
Votsobunnvi loke, a women 
churns yorurt into butter. Added 
to salted tea, it mokes a mutri- 
tins beverage drink as often as 
40 times a dav. After breaking 
toc, @ worn collects water 
(right). With lake water ton salty 
to drink, nomads always camp 
Aide i spring —wui winter seeing 
one flowing fost enough to pre- 
went the buildup of fick ice 

Devow! Buddhist nomads are 
retoctont to Fill on animal 
Hence an owner (left, ot right) 
Hees hired help to dispatch one 
of fis yors, thowel he jours in 


tie butchering 
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On a lonely vigil, a 
worn nomned Livre 
preets o December day 
from her fent tn the 
miurtvins, J here she 


dnd a younger brother 
tern! yokes while tie rest 


of the fornily remoins 
int fie miro camp at a 
lower elevation. 

Most of the world’s 
nomadic peoples keep 
their onimals in 
follevs during the wirt- 
ter aud now them to 
TLS in Suber. 
Tibetan montads 
reverse firis with their 
yvoks, which craze in 
Hiker on a purrticular 
sedge plant plentiful 
af higher elevations, 

At the relatively 
Odvanced age of 31, 
Liome remains wn- 
married, She wanted to 
wed, but her widowed 
father asked her to 
remain af home, arte 
her suitor declined to 
join her fother’s house- 
hold, Though she could 
hove defied her father, 
her decision to stiuy 
reflects the strength of 
parental authority. 





not join the people's commune but had to fend 
for ourselves,” 


In fact, Wanam 


Pd 


anc his family survived 
only on the meager yield from their milk qoats 
and by doing odd jobs for the commune that 
Finally, two 
years later, Lhe leaders relented, and Wana 's 
lamily joined the commune 

At 50 Wanurn is once again one of the 
wealthtest Phala 
tvnifies the economic and cultural rebirth of 
the Tibetan nomads after the 


decade af enforced communes 


they were not allowed to jotn 


nomads in His recover 


disastrous 
nomadism developed relatively 
late in human history, about §$,000 to 9,000 


The nomads of Phala are descended 


Pastoral 


YEAS afO 


from people who, perhaps a few thousand 
years ago, began to move their herds around 
the Chang Tang, converting the energy locked 


in wile ¢erasses into food, clothing, and chelter 


HE NOMADS CONTINUE to flourizh 
ber ALISE they NAVE To COMpCulors. 
Even with moder technology farmers 
Cannot grow crops in the extreme high 


aloituce and hitter climate of the Chang Tang 


lf there were no nomads on the high plateaw, it 


would revert to wile animals. not to other 


humans. Yet the nomad: feel their wavy of life 
La far easier than that of farmers. 
“Look,” explained one, “itis obviows that 


we have a ver Che grass grows by 
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Le her children watch, a woman applies 
nin, 2 lotion made by botling whey inte a 
comcentrute. A salve to protect the skin, 
itis also used for beautification. 

ALthoweh they beep their tents, weelthy 
nomuds alan build permanent hones, In 
anewly biilt stoucture (below), a women 


tends o fire as suntight streams through 


dsmoke hole. In the pon, borley obtained 
from traders is roasted on sand to keep 
if from scorching: 

48 his daughter plays with a baby root 
fhelow left), gman wes o herd! mill to 
erind roasted barley imtoo flour called 
naimibe. A dietary staple, teambe can be 
eaten drv, stirred inho tea, or mired with 
fea ond butter to form patties, 





itself, the animals reproduce by themselves, 
Lhey give Milk and meat without our doing 
of life 


anvthing. So how Can Vou say our Way 


i¢ hard?" 

Although they 
farmers and townfolk assimple, uncouth, an 
backward and although they have little in the 
way of material possessions, the nomarls see 
themselves a5 masters of their environment 
and are proud of the letsurely life such master 
prewides 

“We don't build canals to irrigate pastures, 
anc We cin t hagiiel fences ane a seers Lio 


are looked down upon by 





Trow Mmcre erases. another nomad temarkend 
pmake us do this during the tul- 
he 


LIne minute 


They tried ti 
tural Revolution, but that is not our way 
HlaAce 
the air is calm and the sunis shining, the next it 
is hailing. [tisn't possible to try to control and 
alter the Chang Tang. We don't try; instead 
we use our knowledge to adjust to it.” 

‘Traditionally the nomads had a remarkable 
pasture-management system that allowed 
them to live a existence without 


(Chane Dang is a ferocious 


Secure 


cdestrovine their erassland resource base 




















The nomads contend thatthe Chane Tang's 
extraordinary cold, deadly blizzards, unpre: 
dictable rainfall, and occasional catastrophic 
epidemics maintained livestock numbers be- 
low the region's maximum carrying capacity 
However, while such 8 “natural” 
could operate over a large region, it coulil not 
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alwavs DTe Tent oVerRraAZing ancl degradation 
on specific local pastures: Before 1959, when 
the Chinese took control, the nomads divided 
the region into scores of discrete pastures regis 

tered in a “pasture book,” each pasture being 
permitted only a specified number of live 

stock—seven goats or six sheep were equal to 
one vak in this calculation, Everv three vearsa 
was taken, ond families 
whose hercs had increased recerved additional 
pastures while those whose herds decreased 
relinquished some. Occasionally whole fam- 


t t 
livestock census 


ites and their herds were shifted to nearby 


recions to mamtain the balance. In this man- 
rer the 


iespite the centuries of continuous use 


nomads grasslands were comerved 


tHE NORAD LIVI 


derived irom (herr heres. 


primarily on food 
milk prod- 
ucts being one of their main sources of 
Although 4 Lis, shee Pig 


calories ane 


goats all provide milk, the sheep do so for just 
three summer months and the goats tor four 
and a half. The nomads turn much of the sum 
mer milk abundance into butter and cheese 
that can be sold or stored for later use 
Processing dairy products is almost exclu- 
svely the responsibility of women. They miik 
their animals and make 
cheese. But the backbreaking milking 5 more 








yorurt, butter, and 


than just work. The animals of several fam- 
Lies alo campsite are usually tied together, so 


len An when the 





milking time 1s Occasion 
Women COMme torelher and cat 
Milking invanably brings out their chil 
reside the animals and 
often try to help the milkers in sweet and 
humorous ways. One may try to push back o 
sheen that has turned outofline, winle another 
earnestly holds the end of the rope that ties the 
animals head to head while they are milked 
from behind. Other children pretend they are 
yaks or antelope, walking around on all fours 
while bolcling discarded horns to their heads 


The nomads’ herds provicle more than cary 





clren, who play games 





products; virtually every part of their animals 
is used. Sheep provide wool for weaving and 
barter, meat, stomachs into which butter & 
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sewn for storage, intestinesfor sausages. “They 
are alsoa valuable tracte item that the nomads 
barter with distant farmers, 

Goats used to be less valuable than sheep 
becuse farmers preferred mutton to geal 
Bul goats have become more valuable 
recently with the expansion of the lucrative 
international market for cashmere, the soft 
undercoat of cashmere goats 

The yak furnishes the critical muscle power 
to transport a nomad tent, each half of which 
weighs about a hundred pounds, excluding the 
pegs and poles. The vak's fringe of coarse belly 
hair is the ber from which the nomads weave 
the tough tent fabric. [he vak also provides a 
shimere-type undercoat usec for making 
oth and ropes, a thick hide used for boot 
Shes, warn, A dri (a 
female yak) also furnishes eight times as much 
milk per year asa goaland 16 times as much as 
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ry 
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of course, lots of meat. 





a sheep, and does so year-round 
The nomad economy has two other signifi 
cant components. Since time timemorial 


Tibetan nomads have been the main <ource 
of salt for the willarers and town dwellers of 


In worshipful repose with h 


bet and the adjacent Homalayan kingcloms 
of Nepal and Bhutan. -Phala men take & salt- 
collecting tip in spring, driving their animals 
140 miles northwest to Lake Drabve, a trek of 
20 to 30 days each way. We jomed them al 
Lake Drabve, though we drove there by jeep 
rather than making the two-month trp with 
the pack animats. 

Though yaks can carry four to six times the 
weicht of sheep, few of the Phala nomads have 
cnough male vaks for thal purpose, so most of 
the pack animals are goats or sheep. These can 
each carry loads up to 30 pounds in saddlebag 
contraptions like the ones that hikers strap to 
their dogs. The sheep and goats sieep with the 
thags on, relieving their owners of the 
time-consuming task of loading and unloading 
scores Of animals each day 

At the lake the nomads camp on the white 
salt pans, which look like vast snowfields. The 
entire process of gathering the salt has been 
worked out to the last detail 
plained the stratery 

“On the trip to the lake, 
very ieisurely so that our animals can maintain 
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' he said, “we go 





her prover wheel, a womon bows toward the local mountain god, 


Dargo, the nomads’ protector. Such open displays of faith howe increased since 1980, when the 
Chinese eased a ban on religion. A young boy (facing page) openly displays his love of yogurt. 
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Hor led ey Tribe! ‘i 


Marching stolidly over 
the empty land, ct tron 
of yitks carries the 
authors’ belongings. 
Although the nomads 
rely heavily on sheep 
ond goats, the yale is 
thwir quintessential 
domesticated animal, 
mutkine tife an the 
Chang Tung possthle. 
Besides Geir oorry- 
ing copeacity. vos fiur- 
nish ahundant mille, 
met, hide for boots, 
and hoir for moking 
honks, cloth, and rope. 
Only castrated males 
are called yaks by the 
nomads; a bullis a 
od, 2d a cow i oar 
So wit is the aninl 
in thee ecomomy that the 
Ramdas Serer matte 
for the beast ts nor, 
mening “wealth.” 





slow on the dew, 0 hunter uses a matchlock thet requires o broce and moanwal Geitting of u 
wick to ignite the firing powder, Hunting dogs hold game ot bay within the musket's limniited range: 
This hunter felled a bive sheep; other quarry are gorelles, Marco Polo sheep, and wild yaks, 


their st rene h. Pasture is f problem, for the 
new growth of spring grass has yet to begin and 
we must cepend on the grass left over from inst 
cummer. Atthe lake, pasture seven more crit 
leal, since there are so many nomads and ani 
mals there. Because of this we send a small 
aivance team of four or five men to the lake to 
dig and collect the salt, so that when we arrive 
with the animals we can load up immediately 
and leave the next day,” 

By the time the animals have arrived, bricks 





of salt have been stacked to form 6 corral inte 


which the sheep and gonts are driven. Then 
the erucling job of loading begins. “Phe-salt to 
he taken has already been pounced into small 
Pieces W ith old yak horns and stuffed mto 
sxtidlebags, which have been sewn shut. One 
nomad guards the entrance to the corral while 
the others, often singing haunting work songs, 
cingle out the animals and load each one. The 
poats and sheen continually try to escape, and 
atone point I toed to lend a hand 

The first time [grabbed asheep by itscoatte 
stop it from escaping, I thought tt would be 
easy, since it seemed quite small. Instead, | 
was pulled right off my feet by an animal that 
left me fat on the salt bed, panting for breath 
Though the lake is only 14,100 feet in eleva- 
tion, within 15 or 20 minutes | was drenched 
with sweat and completely exhausted 
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LNOTHER FACET of the nomad ECOnOMmy 
i hunting, The Chang Tang once 
abounded with antelope, blue sheep, 
Marco Polo sheep, gazelles, and 
wild usses and yaks. Hunting by officials with 
mocern rifles and jeeps— banned a few years 
ago—has rectuced the mumbers, but there are 
still many animals, and men still hunt with the 
traditional matchlock muskets 

Cine of the best hunters in Phala ts Jigme, a 
tuciturn 47-year-old bachelor, We accompa- 
nied him and his three hunting dogson atripin 







search of blue sheep, 

Jieme’s matchiock seemed no threat to wild 
sheep, and we asked him about it as we 
trudged up the slopes. 

“Tt is only accurate up toa hundred feet,” 
he acknowledged, “and it takes a very long 
time to fire.” 

Jigme was right. Even though he kept his 
musket loaded with powder and a lead ball, he 
had to plant the gun on the ground with its 
brace, light the wick with a spark from his flint 
stnker, and then put the wick to the small 
powder pan on lhe outside of the gun, igniting 
the powder and firing the musket ball 

“By the time Il have done all that, the sheep 
woth be long gone,” Jigme said. “That is 
why wealways hunt with our dogs; they tilt the 
odds in our favor.” 
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These sleek dogs, known as nekt (bluc- 
sheep dogs), are bred especially for hunting, 
the best being worth a yak in trade. We soon 
saw why, After a time Jigme spied a flock of 
ten blue sheep on a mountain slope, and his 
dogs took off like greyhounds at a racetrack. 
They bounded up a steep, rocky slope whose 
iiise was al just over 18,000 feet and were 
quickly out of sight. 

We followed as best we could, moving 
toward the sound of the dogs’ barking. Jigme, 
who was always complaining that he couldn't 
work because his lungs were no good, sctam- 
bled up the 45-degree slope at a very fast-pace 
without any rest. We tried to keep up with 
him, but every few minutes we had to stop ancl 
gasp for breath. Itwasa humblingexperience: 
more than anything else it demonstrated the 
difference between lowlanders living at high 
altitude and native highlanders, 

High-altitude adaptation is (Cynthia's spe- 
cialty. She points out that in the rarefied 
atmosphere at 17,000 feet, only about half as 
many oxygen molecules enter our lungs as at 
sea level. The effect on lowlanders at high 
altitude ts shortness of breath, headaches, 
and occasionally even death. These effects 
have been known for centunes—as early as 
A.D. 100.4 Chinese official visiting the Tibetan 
Plateau referred to the area as “Headache 
Mountains.” 

Just how high-altitude natives such as the 
Tibetan herders adapt to this environment is 
an important area for research. We know that 
the nomads have as much as 22 percent more 
oxygen-carrying hemoglobin in their blood 
than do lowlanders, giving both groups rough- 
ly the same amount of oxygen on their home 
grounds. But the natives of the high Andes, 
whom Cynthia has also stuclied, typically have 
greater concentrations of hemoglobin than do 
the Phala nomads, even though the nomads 
live at higher elevations. Thus humans may 
have adapted to life at high altitude in more 
than one way, and further research is needed 
Lo Identify the physiological mechanisms. 


HE HUNT with Jigme wasa modest suc- 
cess. Though the main herd of blue 
sheep escaped his dogs, he bagged two 
small ones. However, as Buddhists, 
many nomads are reluctant to hunt or even to 
butcher domestic animals. This was brought 
home to us vividly once when we were out of 
meat in Wanam's campsite. With a thousand 
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sheep and goats in front of us, we waited two 
days until a poor nomad was summoned from 
a neighboring camp to staughter an animal. 

Therevival of Buddhism has made itself felt 
in other ways. “Last summer," one of the 
Phala men told us, “traders from outside came 
anid said they would pay high prices for snow 
legpard or lynx pelts. I wanted some extra 
money, 0 I bought two Chinese steel traps 
and baited them and killed twosnow leopards, 
which I sold to the traders for a good price.” 

But during the winter the man's wife, who 
had always been healthy, suddenly fell ill and 
died. “I now know,” the man said sadly, 
“that Dargo—our powerful mountain-god 
protector—was angered by my slaughter of 
those animals for profit. He showed his dis- 
pleasure by taking my wife from me.” Despite 
the enormous profits involved, from the day of 
the woman's death trapping for pelts ended in 
this region. 

Neither herding nor salt collection is suffi- 
cient for Phala nomads to-survive. There Is 
another dimension to their 
economy—trade. "All our 
pastoral skills can't give usa gi, 
good living by themselves,” RESEARCH 
Pemba, a young man and en- PROJECT 
terprising trader, proudly ex- 9 SUPPORTED 
plained. “Like hunting and 
zalt collection, trade is:a job 
for men. Personally, I think it 
is the most important skill.” 

(ne of the vital commod- 
ities for which the nomads must tracdeis barley, 
which provides about half their calories. They 
get the harley, as well as flour and even rice, by 
bartering their animal products with villagers 
along the southern edge of the Chang Tanz. 

“This trade is no simple matter,” Pemba 
told us. “Thave to choose what and how much 
to take for trade —yaks, sheep, goats, hides, 
wool, or butter. [ have to decide which farm- 
ing artas to trade with and what rate of 
exchange to accept. Then I have to make 
a month-long round-trip with my animads 
in winter.” 

Tratling skill is highly valued among nomad 
men, but in the end the key to survival on the 
Chang Tang is pasture—its availability and 
conservation. 

In mid-September the grasses stop growing 
and lie dormant until May. Forage dries and 
turns color, cloaking the plains and mountains 
with a beautiful vellow-rust hue. However, 
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A day in the pasture 
ends an sheep are led 
back fowrird comp for 
milking. Ihe nomads 
are skiltfal in the haus 
bordry of their stock. 
Ewes ond rams are 
sernirated util Aupeust 
ao that young are born 
in late winter and early 
spring. After nursing 
for several months, 
lombs ore weaned from 
Hicir mothers insam- 
mcr, wien gross is 
plentiful, cmd sent te 
Posture With another 
flock. Since a lactating 
ewe will nurse only her 
own offspring, the milk 
ts sonsed for foomen 
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the short growing season creates problems 

“The animals can survive in summereven if 
the rainfall is poor,” a wily old nomad named 
Dorje explained to ws. “But unless there is 
enough grazing in summer forthem to build up 
stores of fal, many animals cannot survive the 
harch winter eating the poor fodder.” 

For this reason the nomads move their herels 
in september from the summer camps to pas 
tures one of two davs distant that have been 
lett ungrazed for several months. They return 
to the summer area in December, using the 
remaining cover of grass that their migration 
preserved until the new prowth of grass begins 
In @arly May 

The nomads, therefore, by and large use the 
Sane frazing areca for winter, spring, anc sum- 
mer. [t serves as their home base, There each 
lamily’< main tent is pitched, and rich families 
build small storerooms. When the family must 
move its herds to a pasture beyond the daily 
range of that base, the husband and wite 
prefer to remain with the main tent. If possi- 
ble, adolescent children or hired) hands take 
the animals to a smaller camp in the more 
distant pasture 

There are ten such home-base camps scat 
tered throughout Phala’s 250 square miles of 
Moving betwoen their home base 
and fall pasture, these nomads never reside 
Logelher ina single large settlement, 

The nomads of Phala have no romantic illu- 
sites about me wing, One expericnced woman 


berribory 


herder echoed the sentiment of almost all 
nomads when she told us, “We only move 
when we feel we must.” And then they can 
only move to their own PLSTUres. 

A local official explained, “Every pasture in 
OUFr ares is named and given to a family or a 
small] group of families, which has exclusive 
rights over tl. We are allowed to use another 
group's pasture for one night while moving, 
but not longer. Thisis.as trie of Phala today as 
rt wns during tracitional tomes.” 





¥ “TRADITIONAL TIMES the momacis 
mean the period before 1989, when the 
Dalai Lama fled into exile. We spent 
numerous hours sipping butter tea 
in smoky tents talking 
nomads about that “old society” as they now 
cull it. 

"In the old society,” said Trinley, the old 
nomad who feared for our ability to survive 
the (hang Tang, “we were part of a larger 
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acministrative unit of nomad groups, We all 
belonged to the: Panchen Lama,” he added, 
relernng to Tibet's second most powerful 
lame, who died this year. He remained in 
Tibet when the Chinese took control 

“The Panchen Lama,” Trinley continued, 
“OWE Gres and appointed officnils to settle 
disputes and collect taxes, We was our lord, 
although he never came here himsell 
taxes were heavy in those days, but we never 
went hungry.” 

Nomad society was similar to that of meci- 
eval Europe and tsarist Russia. Though they 
owned their herds, nomad families were not 
free to leave their area. They were hereditarily 
bound to ther lord and lari and paid taxes to 
the Panchen Lama according to the number of 
animals they owned. On the other hand the 
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Using time-honored but tedious methods, a 
nomad shears a sheep with a stone-sharpened 
iron knife. The finished product ts displayed 
at right. Local officials force the nomads to sell 
as much ax 75 percent of their wool to the 
Chinese government tn din tonmutherceed form 
of taxation. With growing world demand, 
castimere, the softundercoat of cashmere 
goats, now rivals sheep's wool in the econmorny, 
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lord could not ewiel them and bring in new 
nomads They 
obligations 

Tht somewhat decentralized, feuclal-like 
system ended in 1959 
assumed complete control of Tilvet 

ATT the monasteries of the Chane Tange were 
closed. A formal class system was spelled owt, 
the wealthy nomad class paid much more 
in taxes than the poor nomad class, New rules 
regarding salaries for hired shepherds and ser 
vants were also established, the wages varying 
according to the class of the emplover. Never 


had their mehts as well as 


when the Chines 





ant 


theless, on a day-to-day basis, each nomad 
family continued to decide when to move its 
animals, and when and for what to barter or 
sell its products, 





HIS STTUATION ENDED in 
when the (ultural Revolution reached 
Phala. “Education” of 
Otran in pret paraton Inr CoOnVverune 
At the 


hme loca Communist officials began to pur: 


the nmeyiTiAcks 





Phala inte a notnad commune eayiie 


sue the “class struggle” in earnest. In 
response, the Phala nomads and those in near 

by areas rebelled, misunderstanding Mao 
“Zedong s call for the “revolutionary masses 
to “poll down those in authority.” 

The nomads mistakenly believer that the 
army would remain neutral in their struggle to 
restore religious and economic freedom. They 
executed two local officials who had been espe- 
clully cruel in implementing the c 
fle find drove out the rest, taking control of 
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Readied for a long trek, bags ore filled with crushed salt at a salt pon in western Chong Tone. 
Since voks are few and quite valuable here, this important staple is corried by sheep and 
goats during the 140-mile, month-long trip back to camp, Cigarettes are common, although 
smuking among women dropped sharply in. L985 when a visiting lama warned against it. 
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their aren forthree months during the summer 
of 1969. 

But it couldn't last. The army marched to 
Phaia and attacked the nomads, who were 
armed almost solely with matchlock muskets 
and swords. The rebellion disintegrated tm- 
mediately. Nine rebel leaders were executed, 
more than 30 nomads were imprisoned, and in 
1970-2 commune system was instituted. It was 
at this time that Wanam’s animals and posses- 
sions were confiscated. 

The nomads were transformed from private 
owners of animals to bolders of a share in the 
commune’s property. Or, as one more bluntly 
put it to us, “We were nothing more than 
servants of the commune,” 

The quality of life for the overwhelming 
majority markedly deteriorated. “Before the 
commune,” one nomad explained, “if you 
were hungry, you could always find work as 
a herder or servant, or you could beg outright 
for food. But during the commune you just 
stayed hungry.” 

The nomads hated not just the economic 
hardships they endured but even more the 
class-struggle sessions, the continuous deni- 
gration of their values and beliefs, and the 
tlestruction of Buddhism in their society. 
Temples and praver walls— walls three to five 
feet wide, with carved prayer stones placed on 
top—were pulled down, and no religious rites, 
tven at death, were permitted. 

The death of Mao and the overthrow in 1976 
of the Gang of Four in China brought a new 
croup of leaders to the fore. They perceived 
the Cultural Revolution as a catastrophe, 
abolished communes, and tmplemented a 
more market-oriented rural economy called 
the responsibility system. 

Thus, in October 1981, all the Phala com- 
mune's animals were divided equally among 
its members. Every member—infants and 
elderly alike — received the same share: 5 vaks, 
25 sheep, and 7 goats. A household of five, 
therefore, obtained 25 yaks, 125 sheep, and 35 
pouts over and above the few “private’ 
roats—perhaps 30 or 40—that the family had 
been allowed to maintain during the commune 
era, In addition Beijing decided to excuse 
Tibetan peasants and nomads from all taxes 
until at least 1990 because of Tibet's poverty; 
although in Phala and other purts of the Chang 
Tang, Jocal officials Negally require nomads 
to sell quotas of wool to the government. 

The new Chinese leadership also forbade 
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persecution on the bisis of class background; 
currently, one of Phala's local heads is a for- 
mermonk and classenemy, Similarly, the new 
leaders attempted to night some of the terrible 
injustices of the Cultural Revolution by a 
policy of motetary restitution to class 
enemics whose animals and belongings had 
heen confiscated. 

Finally the government reversed its policy 
on religion. Religious freedom was largely re- 
stored, monasteries were allowerl to be rebuilt 
and reopened — albeit with limits on numbers 
of monks— and traditional rites and practices 
were again permitted. The nomads of Phala 
now openly pray with theirrosaries and prayer 
wheels. Even one of Phola‘s four local Com- 
munist Party members frequently chants 
prayers. 

The nomads’ depth of religious feeling is 
obvious, An ald woman told us: “] feel sorry 
for all those who died during the communé 
period, because they could never say prayers 
or have the proper death rites. It was a ter- 
rible time.” 








J at DO THE NOMADS THINK of 
the new policies? One middle- 
W aged man told us, “We were 

shocked, and at first we did not be- 
lieve it. We thought it was some kind of trick, 
But after two or three years we came to accept 
that we really were free to manage our herds 
and even get rich if we could.” 

The past seven years have brought a sub- 
stantial rise in prosperity for Phala’s norrrads, 
although it is certainly not a rich area by 
Chang Tang standards. 

A few Phala nomads, however, resent the 
latest changes. Generally these are individuals 
from the poorest classes in the ofd society who 
were appointed officials during the commune 
period, wielding tremendous power. Not sur- 
prisingly, most nomads, particularly the for- 
mer class enemies, fear that another shift in 
policy will occur and such people may again 
return to power. This fear and the concomi- 
tant feeling of powerlessness partly account 
for the continued resentment against the 
government despite its recent reforms. 

The nomads’ tenacious belief in the superi- 
arity of their traditional way of life has not 
made them opposed to change. Over the past 
decade the government has built a network of 
crude dirt roats throughout the western 
Chang Tang, and the administrative center at 
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As days grow short, a woman bales grass for 
winter fodder for horses, prized as luxury 
inimiels. Left ungroced throughout summer, 

a section of communal grossiond is opened for 
a week's unlimited cutting. At night traders 
sell their wares, offering shoes, saddles, anil 
cassette players for listening ty music and 
Buddhist prayers. 
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Tsatsey, three days’ walk south of Phala, can 
truck in large quantities of gram and other 
staples. More and more FPhala nomads, there 
fore, now skip the arduous winter trading trip, 
bartering instead with the government office 
at Psatsev 

The opening of the roads also has facilitated 
the construction of storerooms and houses at 
the nomads’ home-base campsites, There are 
no trees on the Chang Tang, and all wood, 
even for smal! items such as tent pegs, must be 
brought from elsewhere, Now large wooden 
beams and pillars are easily imported by trick 
from southeast Tibet at relatively low prices, 
leading to a house-building boom, 

The nomads see no contradiction between 
having a house and beme drokba. Rich 
nomads often slaughter 50 to 74 animals in 
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December and have difficulty storing the meat 
and skins (together with their saddles, packs, 
and other equipment). So they have always 
built storerooms., Residential houses at the 
home base were rare in the old days, but 
prized. As one nomad explained, “Houses 
completely cut out the wind and are much 
warmer than tents. They make the long winter 
less difficult for us, and everyone wants one,” 


A house, for the nomads, is-a substitute for 
the home-base main tent, and the nomads see 
itasa symbol of their newfound affluence, not 
aloss of their identity 

The important changes brought about by 
the road have had little effect on the attitudes 


and perceptions of the nomads, who still know 
little of the tremendous political and economic 
transformation that has taken place in the rest 
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of China, They do not know, for example, the 
name of the head of the Tibet Autonomous 
Region, letalone the leaders in Beijing, Noone 
speaks Chinese, and the district administra- 
tive center teaches only Tibetan to the few 
children sent to its primary school 

‘The new policies, however, have not bene- 
fitecl all, even though evervone had an equal 
startin 1981 when the commune ended As in 
the old society, lesser degrees of skill and bal 
luck have seen some nomacs lose most of their 
livestock and forced them to work as herders 
for others. They receive room and board, some 
clothes, and 12 sheep for a year's work, but 
have a much harder fe than the newly 
nich nomads who employ them. And this gap 
between rich and poor will undoubtedly 
INCTEASE. 





Taking pains to protect livestock, a woman places a baby goat in a pen designed to keep 

newborn animals warm at night. To word off dust, a man with chronic eve problems wears porgles 
usuaily used te prevent snow blindness as he tends a corral for adult animals. Traditional leggings 
sew Onto snickers reflect the nomads’ willingness to dccept some trappings of modern society, 


while holding fast to ways that have served them well for centuries. 





Despite the antiquity of the nomads’ pasto 
ral system, the government believes that it 
leads to overgrazing and environmental deg 
radation, It therefore has set limits on the 
number of animals per person in some areas, 
while forcing penodic reductions in herd 
sizein others, In Phala a 20 percent reduction 
was implemented in 1987 despite the nomads’ 
protestations that there was 
of @rasses, 

The nomads perceive this.as a bias against 
their pastoral system and worry that it could 
lead toeven more inappropriate programs that 
will impose new patterns of herding that 
would ultimately destroy their way of life 

Our research supports the nomads’ conten 
tion that the government’s order to reduce 
livestock in Phala was unwarranted. We 
found no evidence of overgrazing and pasture 
degradation 

Preserving the unique environment of the 
Chang Tange is not only a Chinese but also a 
world concern, and protection of the inclige- 
nous people who reside there is equally impor- 
tant. It would indeed be ironic if after 
surviving the destructive Cultural Revolu- 
tion, these nomads" way of life was destroyed 
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by modern notions of conservation ancl devel- 
opment that.are based on faulty evidence and 
flawed assumptions. 

The most striking feature of nomad society 
today is the powertul revitalization of tracli- 
tional values and customs and the deep com- 
mitment to the traditianal way of life. For 
example, the nomads are again proud that 
they do not cmt fish (though many camp on the 
shares of lakes teeming with fish), or fowl, or 
vegetobles, or wild asses, or meat from ani- 
mals killed by women—these all being things 
that “drokba co not do,” 

The nomacls of Phala like their religion and 
wey of fife and want to maintain them in the 
years ahead, choosing to incorporate or to 
ignore new items as trey see fit, Deeply resent- 
ith government interference, they want noth- 
ing more than to be allowed to live-as their 
ancestors cid and to flourish or fail-as their 
pods and their own abilities dictate 

Thus, despite the attempt to destroy the 
Phala nomads’ values and beliefs during the 
Cultural Revolution, fornow, anc for the fore 
seeable future, the nomadic pastoral way of 
life 15 alive and well.on the Chang Tang, and 
all of ws are richer for it O 
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SCURRYVING across one nut 
alter another, an acorn 
Weevil Starches for a spot to 
hore Into with her snout to 
feed. Often the first animal 
to breach an acorn, the 
weevil strikes while the 
fruit is still on the tree. As 
acorns attacked by this and 
other insects die and decay 
on the ground, various new 
animals and plants find 
their way inside. This com- 


munity of herbivores, prec- 





alors, decomposers, and 
parasites forms & miniature 
ecosystem in the nutshell 


Few acorns ESsCape to 


become tall oaks 
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MARK W. MOFFETI 


ENT on their ta sks, 
tower besicle 
eCTubp Hak trees in the 
p¥emy pine barrens of 
Long Istand, New York 
(below). The lofty limbs of most 
Lerowing acorns gut ol 
Bob Unn 
bend over to inspect ace 
Weevil dam Ae 
huckleberry plants, 
rt checks the 
hells of decayed acorns occu 
Died Dy slave-making ants 

415-he combs the canopy, Bob 
shows me half-inch acorn wee- 
vils at work. Using tiny teeth at 
the tip of a long, slender 
Chie -w nevi) cuts through the 





reach: here, asch mist 
rhs for 
Brushing aside 


Robin Stu- 


Shout, 


I am 
that a5 it drills 
Into the meat (facing page), 


acorn’s tough shell 


amarect to 2ee 


rotating its aasaRe neal back 
and forth, 


“Ach eve alternatels 
disappears ‘bets ith the “collar” 
around 1s Lop). 


‘Che weevil eats: the nutmeat 


neck (CiieTom, 


f 


[NAL (nters ts nie 
in the dinfling, 


low snout dur- 
sually stopping 
head is pressed to 

surtace 


only when its 
the nut’s A fermale’s 
snout, which may be longer 
than her body, can-almost com- 
nbetely pierce small acorns 

WA WA Mot iT % curator of 
the ant collect at Harvard's 
Museum of Comparative #oology 


et 


aT! Tita tale hah ov 


Weevils begin 
feeling several 
veek ot 
A féemak 

vf Ley One Ce 
des Inside each 
tiny channel she 
A, larva 
usually hatches 
in 5 to 14 days and 


then spec 





PXCAVALES 





eeyeral weeks est- 
chamber inte the 
which continues devel- 


it falls 


lng mo lerger 
acomM 
from the 

of the acorn hit- 


ing the ground often signals 


oping until 
tree. The jolt 


4 fully grown weevil larva ti 
DES by Poa wile 
a circular bole in the shell about 


a a a 
thi MEP Oi TG 


emerge. It 
head. Pushing ane 


squirming, the plump bol, 





emerges dramatically through 
this cramped exit (right) 

the larva 
SO MTHE OMS 
i here it 


from one 


Onee on the ground, 

burrows into the sot] 
As nee as 12 inches 
lies dormiunt to five 
years. [he irregular timing of 
this resting stage mav be the 
Weevll’s response to acorn pro 
duction that varies from year to 
Weal (fl Many oak Speeches, 5OMe 
larvae AlWaVE Will pupAte and 
emerte as aclult weevils during 
in advantageous vear of a 


DUM per crop of acorns 


5 DAiOre acoris 








A tield guide: 
what to expe: 
and when 


CRACK OPEN an acorn and 
find a world of creatures that 
make it their home during the 
nut's growth and decay. 

What-you discover will de- 
pend on the condition of the 
acorm and its surroundings 
Nuts lving on dry, bare 
ground may not have much 
toshow, A decaying acom 
protected by alayer of moist 
leaf Litter is more likely to 
house a group of interacting 
incdiviciials, 

Acorn weevils and filbert 
worm moths set upon grow- 
ing nuts during summer and 
early autumn; their larvae 
con be found in acorns freshly 
fallen from the tree. 

As the autumn wears on, 
Increasing numbers of acorn 
moths, short-snouted wer- 
vils, and sap beetles gain ac- 
cess to acorns on the ground 
through insect holes, cracks, 
and sprouts. Parasites of spe- 
cific insects follow their hosts 
Inside. Some acorn varieties 
that wait until spring to 
sprout are invaded then, 

By summer all of last year's 
acorns have sprouted or been 
eaten in partor whole, Dened 
acoms usually contain a com- 
munity of creatures, some 
cleaning out the decay. The 
husks may shelter animals for 
years before breaking down 
itetes ferries. 

This guide applies to the 
northeastern United States, 
where most research on 
acorns has been done. Tf 
you live elsewhere, you 


All acorns and pinned acorn 
weevil life-size; other speci- 
mens magnified four times 


resections i specimens. \ ——d 
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Species mateh thes 
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Acorn weevil lays 
an ecg in its drilled 
feeding hole: 

=e futched detva feeds 


may find many of the 
SUT animals pictured 
here—and probably 

some new ones, Gather 

fresh acoms and drop 

them into a container of 
water, Most with insect 
damage will float. Open them’ 
to find larvae, or keep them 
damp in a loosely covered 
container. Moths; parasites, | 
and other inhabitants will 





















mature and emerge: 
To trap other altacking 

Imsects, place fresh, 

halved acorns in a jar 

and keep moist. Cover 

it with quarter-inch 

wire mesh to keep out 

rodents. Bury the jar, 

preferably under a fruiting 

oak tree, 50 thatits lip is at 
p ground level. Check periodi- 
mally for creabures that move 
fio feed or reproduce 


DAMAGED OR SPROUTING ACORNS FARLY DECAY 








ADVANCED DECAY 
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rpreni@ate ® The acorn ecrerystem may inchs 

| pacahes — often wap or fies — 
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fHE Flies larce acorn, | find a milli- 


' . , a . —a 
pode eating detritus near pal 


worn, the filbert falls ifoldout, left Binlac tn ih 


WOrh Moto fire falls incdicaie that [F ul Pe cL 
nis 2 Merce VE- vae have natured 
| 


140 times life-siz wasps have left thee 


ee Pury Aba S oe Lit La epee it at Cu Loi Wits} 


just above the large surprised me by emercing fron 


compound eve 
After a filbert wonmn cnaws . 
Pa 
eit AT iy imate il LLCO il herine 
1. Lf it comsumes A Srnall 


nay move to others-n 


Ther The CT pes 


YoOrm Mot 
Hiller hatchet an 
60 larva grow 
within it, eventually destroying 


the fulbert worm by bursting 


7 he a te F - - 
from it boty like a nightmare 


ter. The tachinic thy 
milar fashion 
Lholes created by acorn 
weil larvne andl filbert worm 
OLLGN scTve a5 cntryveiwes 
animals unable to b 
bell themselves. C 
iy Colonrts because thes 
lus follow a first strike: 
PaIUres 2180 Penewrate un 


Af ore broken 
ar sorouted. The short-snmiti 
aeevil, for exzmole, hunt 
openings, 


he A 

nm | Lid eee i nen 

t ri. '* - | 
. i 


' 
rolls ove 

some sap beetle: can detect 
damaged acorns [rom a at 
mince, CLL SsWarming in and parasite of (he gall wasp larva 
quickly destroving tha A,|- At the other end of the shell 
though ELELE Cl | te tenchey Hi a) LED PTS (Lo Tae 
sprouts, sap beetles unleas ying meat. Aicden in cre, 
heir Aree appevites on a vanety cs. minute springtails anc 
lants. The one pictured even nagrots feed on both. | 
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mer inhabitants, Breaking open up the history of this acorn 


a stimlar gall. Apparently tt 15 
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SECTS INVOIVERL Une acorn wee 
Vil Larva or fibert worm can 
Complebely cotsume i small 
scrub onk wcorn, for imstance 
Dut Oren Will eal only part of a 
areé acorn rot a red onk 
The acorn moth, found in the 

eastern UU. S., often lave eges in 
nuts tomared by these two in- 
sects. After a caterpillar hatch- 
es, it creates a web across thi 
Opening In the ahell, whieh 
Leer competitors out. Tt mas 
hen finish the contents, leaving 
ihome neath emptied af every 


thing Dut triss— insect droy 
pings (bottom left 
Wintering in the shell 
Caterpillars emerge inthe spring 
ant find A sorcuting acorn to 
continue feeding on, These in 
eects co ithe permanent dam 
Are, since they confine mealsto 
the ment near the « ip As lone 
as the plant embryo at the point 
ed tip remains undisturbed, the 
acorm can produce a seedling 
While it bwes, the acorn offers 
inhabitants a comtortable ret 


Ure. Lt probects them from most 


| 
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predators, shel 
weather, and keeps them moist, 
00], On away [rom sunlient 
ItLdalen provides a diet rich in 
fats and carbohydrates 

Once dead, acorns contain 
Dienty Of PICKIngs for shaven 
gers Lifting the cap off one rot 
ting nut. 1 find the cocoon of a 
DaPasIit. Wasp HOnfsile severa 
snails (top Jefti, The sive of 
pinhescs, the snails are brows 
Ing in Mts that may have been 
chewed cut by an acorn moth 
cuterpillar while the out was 
ta] alive, A Clos! IOOR AL one 
snail in another acorn reveals 
in even More MiunUule resident 
a beetle mite (top center) with 
a bivalve shell that allows it ti 
close up like a clam for protec- 


tion, oott, decaying accom TEAL, 


now interlaced with fungus, 
feeds snails and mites 
With their vanety of sca: 

VEners, CGeCcavVine ACOTns MAKE 
eal hunting ¢rownecls for 

amivores, A fierce predator, 
this centipecte (below) roams 
through one acorn alter anothet 
In search of prey, Waiting. on its 
web, a fungus gnat larva (night 


will feast on the unwary insects 


that the potsonous strands kill 


nn contact 











S THE PALM Of my hand I 
Hod Part. ofa ny ant 





colony: three Arar 
workers tending a brood 
(heft). aenth, 60 24% not 
bh cetturh the inhabitants, | 
have broken this fragment from 
i hollow acorn filled with about 
‘0 actults anc their young. Phis 
SPecles of a Iti citti n Et pands ther 
colony Into nearby nutsmetls 
when space wets tighl Although 
they may live in different quar- 
ters, COLONY Members recoenize 
one auntie by: sacri. 

In another shell I find a soct- 
ety of slave workers, Leptolia 
rax, Aitending to slave-making 
Aorpagerenws ants, A red slave 
grooms the large. black, slave- 
making queen, while others 
Th ft 
carry larvae (bottom center) 





12 hackeround ETOom ancl 


A-dlave-makineg worker's sole 
duty is to raid nests of slave spe- 
cies. Releasing a pheromone 
that contuses acult ant’ in the 
colony under attack, slave mak- 
ers seize Voune and take them 
hack to theirown nest. When 
they mature, captured ants im- 
print on the slave makers and 
treat them as Ein that need to be 
cared for. Recerving no benefits 
the slaves gather food, tend the 
queen, nurse slave makers: 
voung, and tidy up. As slaves 
die ane food gets low, «lave 
makers raid more olten 

Hollow acoms may house 
other animals, large and small 
Aslue occupies almost the entire 
chamber of one nut 7 slice open 
(bottom far lett). I find no maior 
eniivwavy if the shell —vet tie 
slug must have squecred im 
omehnow, Able to streti h tts 
becky 11 times normal length 
and become correspondinel 
thinner, aslue can get through 
incredibly Geht spaces 

At the other extreme, & Mmt- 
nute fungus beetle (left) about 
the 21z¢ of the period at the end 
of this sentence feeds on a fun 
rus bed between the lavers of 


an acorn zhetl 





OSED on & scrub ome 
brasich, a white 
J ! 


ha TETEFL 
| Lint LE 


nlucks an acorm 





from its cap, Most 
propels the nut will wind lip as 
a winter meal. But it just mai 
be that one, among many tho 
sans, destined to sprout and 
carry on the ¢pecies 

In the pyvzmy pine barrens of 
Lone igiaricl, mice subsist mast- 

on insects during the warmer 
months, [nan autumn scram 
Ole, they bury small caches of 
one to three acorns, caller scat- 
ler bowrds, in preparation for 


the approaching cold weather 





‘Sever satished, they move the 
hoards around each night. The 
mice rely on smell to locate the 
aroms underground—seeninels 
Unaware of where they last 
dugc—and thus constantly steal 
from one another When Bob 
Unnasch buried a thousand 
marked acorns, mice had moved 
every one by the next morning 

ore than 60 North Amen 
can birds and mammals—from 
wild turkeys, bobwhites, and 
wood ducks to bears, deer, and 
Tay loses — incline fresh acoms 
nf their diet Some collect right 
fom trees, Others must wait 
Unt the nuts fall to the ground 

In awicition to mice, a number 
Fanimals bury what they har 
ves. Magpies ancl jaye create 
small hoards by poking acorns 
Into the soil. Gray squirrels bur 
INCI VIC acorns as well as 
groups of huntireds, called lar- 
der hoards, Animals eat most of 
what they store, drawing their 
usternance from the energy 
packed part.of the nut meant to 
LOUrISH & new plant 

But hoarclers sometimes lose 
track of the acorns they bury, 
CAVIDE & few undergroune 
hen termites or fone may 
ttrike, the soil protects the nuts 
from foraging insects and larger 
fumals above. Rept damp and 
ool, these acorns have a much 
better chance to take root and 
row than those that remain 
exposed on the ground 

Ona seedling that I dug up in 


a. 
La 


Massachusetts (heft), the rem- 
nant of a bured acorn hang: 
from the stem by a filament 
evidence that some anima! 
onwittinely helped nature renew 
a stand of sturdy oaks [J 
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A\ rear-wheel anti-lock brake system brake system designed to help you make fast, 
might be unexpected in a compact van. stable stops. For all the driving, stopping and 
But is now standard in the advanced living your family does, Chevy Astro is the 
Chevy Astro. van that can. 

On wet or icy roads especially, you || ae he La 7 v. 
feel good having a rear-wheel anti-lock Chane. ins hewmen rd ae asd acres of CM Co 
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Back in theUS.S.R. 














AKING: ADVANTAGE of an inpreséive example of whatis 
opportunity ta vient the 
closed city of Norilsk 
— once a cdreacded pulag 
and new a_major mining center 
ews Service Director Steve 
Raymer, Senior Writer Mike 
Eclwards, anc interpreter Bar- 
bara Skinner stopped by a local 
museum 







































now possible if a ten-year agree- 
ment we have just completed 
With the world renowned Staite 
Hermitage Museum in Lenin- 
grad to organize traveling 
exhiintions. The Hermitage, a 











complex of buildings dominated 

by the former Winter Palace of 

the tars, preserves everything 
from European art to Rurssisn 
archaeological treasures. Work 

ing with museum directors KHoris | 
Piotrovksy and V. A, Susloy, the 
Society has been given access to 
some three miulhion ites tor fort 
extraordinary series of traveling | 
exhibits in the U.§ 

Another Uiustration of Soviet | 


“Welcome,” stid museum 
director Lila Pecherskayva 
“And congratulations on vour 
hundredth anniversary!” 

Word of the Society's centen- 
nial, it seems, bad reacherdd this 
city north of the Arctic Circle 
through a special program on 
Soviel television, Che show wits 

| prompted by the opening 
| in Moscow of the “Odvs 


cooperation i a remark- 
able deep sen yovage we 
are about to embark on 
with the P. FP. Shirshoy 
Institute of OQeeanology 
slat! pholographer Ramon 
Kunstof will join Soviet sc- 
entists this month in one of 
two new submersiiles, Af pr 
for Mir II, to explore 
thermal vents in the Mid- 
AWantice Ridee. [1 all pres 
well, o Geographic team 
will accompany the Soviets | 


ay" exhibition of National 
Geographic photographs 

That exhibit, and the 
medion covernee thal ac- 
companion it, crested a 
ground swell of interest 
among the Soviet people 
in whatwe do. More than 





LOO G00 came to see “thd 
yYoery 8 6fluring tts four- 


week fun in Moscow, 
PXRCBeECLINE attendance Fig: 








uresin Washington, New York, nur a mss drt A , b runnrsn = next year on a dive in Lake Ha; 
or San Diego drunid ChvEneat iv Tray crlanth on aeceoe 8 Ieal, the world's deepest freshwa- 

| Qur fascination with the Sovi- ait ris mat seus, Yarncivss pinta ter lake, 
ets 4 just as strong, Since last fall TARE STOR), ANE SLAWAE BOTA BaaeL Im Covering the U.5.5.K. as a 

| the Soctety has hacl nearly a foreign journalist can Still be ex- 
score of writers, photographers,  Awgustissueof TRAVELER, and traordimarily difficult. The Sovi- | 
flmmakers, ancl other members two films by [rina Mishing, a ete’ desire to be helpful doesn't | 

| af the staffin the U.S.5.R Russian director lrving in Great alwavs tKhumph over old halhits 
working on a comprehensive Britain, were recently produced of bureaucratic control 

| book, The Soviet Daion Taday;a for our EX PLORER series on But there is no disputing the 
i(iminute video, “Discover Rus-— Superstation TBS fact that We are seine an excit- 
ta”; and articles about the All this activity, of course, Ing Moment in that nation’s his- 
Kremlin and Siberia, amone reflects a willingness by Soviet tory, and we look forward to 

| other projects, A piece on Lenin- authorities to give us greater new opportunities for mutual 
gradis planned for the July/ access to their society. An understanding 
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Careful Study Reverses 
“Proof” of Peary Fraud 


id Robert E. Peary lic aboot how 
ing tewched the North Pole in 
SO"? While fis claim fas offen 
been disputed, wind a peccnt stucty by 
explorer Wally Herbert (Maronat 
GCiousaric., September 19GR) con 
cluded thut Peary’: party may have 


_ ry 





beer: SO bo OO) miles 
off course, Hist fall 
“prc” Was. [Fre 
sented that Peary 
hath aetuully faked 
his claim 
Astonomer Denn 
Rowlns of Baltimore, Maryland, 
made nathonal beadlines whes he te- 
lensed his interpretation of a copy ofan 
undated work sheet. whise oneinal 


wos in ihe Satonal Archives, Rawlins 


wth) the original came from an enve- 
lope tdeniiticd by Peary 's wite, Jo, os 
contunine observations made of the 
North Pote on Apnls and 6, 19, 

Cone set of figures, end Rawlins, 
were observaths af the sun that 
thowed i wir same catty im the mom- 
ing of April 7, proaf that the Pejry par: 
ty was 12] milewfrom the Pole. Rawlins 
sd one bere bet of numbers were colcu- 
lations to check compass Varied mea! 
the Pole, und be estiblished Peary's 
position ta be far to the mght of the 
track the explorer said te followed. 
Firlly., Rawlins charged that Peary 
had wotten the name of star, Betel- 
Bei On the sheet to diszuise its true 
purpose. Rawlins told one jourmalint 
that the work sheet exposed Peary s 
clr a8 “ome of the greatcat screntifio 
frais of this Gentury, ~ 

But the Navieation Fowndaten, a 
Si-member nogprotit organization 












comimistioncd by. Whe eaticimil Chee 
graphic Sochety to “contac ple res 
cureful objective study posible” af the 


Peary controversy, reported at-a Fch- 


Suir news oonfcretice that Rawlins 
was wholly mistaken, Instead of solar 


chervations mode in April (09, the 
work sheet reprasents observations of 
Betelecuse and another star. probably 
thse mm February [06 dure an 
earhicr attempt by Peary to neach the 
Pale, Whitt Rawlins took to be angles 







CREEE BALMS 
om & Ming sun wore oetually “tine 
sights.” using Hetelpeuse to determine 
the exact time and thus allowing Peary 
to check the accuruey of the expeddi- 
thon’ three watchype chrome. 
By displaying Peary’s chronometers, 
Adm, Thome 6, Davies, the founta- 
Hons president, poured oat 6 glaring 
error by Rawlins; What he thought 
were Fioures for compas readings 
mere. 10 Ciel, Une tenia] numbers of the 
chronometers. Cher time sights by 
Peury using the same technique andthe 
game chronometers leave no doubt as 
bo the foatidathen's iterpretatcen. 

Admiral Dawes said that @ letter 
written by Peary's daughter, Mure, 
conchided that her mother had put the 
wrong work sheet into the polar obser 
vitiom envelope, 

Davies said his grap sé report “does 
not reflect any conchishon regarding 


the ultimate question whether Peary 


reached the Pole.” But he ale cartel 
that the work sheet “provides no evi- 
dence Pewry faked his claim.” Society 


President Gillen M. Grosvenor sal! 
“Sugecstig that Peary might nol have 
rosched the Pole 4 one thing, Dechir- 
ing Peary a fraud is quite another,” 

Actonding to the Aesxton (lobe the 
report “blew out of the water” Kaw- 
lints'* Charge 


New Globe Reflects 
25 Years of Change 


] 


f the word turm, © changes 
(Change is particularly: oVident on 


the huge cinbe (belivw) recently 
installed in the headquarters of the 
Matra! Coogan: Society m Wash- 
mmuiom, 0. C. The globe, pradwcgd by 
the Society's Cartogmipiic Division, 
foplaecs o pollen! representation of 


| the wield that had heen the Ror Lee 


of Explorem Hall since it opened in 
iid. The new version cmphasizes the 
plinct’s plivatography of lan and 


| tadereater, depicting deuerti, magn 


Lin tans, and forces ao well 
noch bottom rides and rite. 

Burt it alko contains the names of the 
oountnies. capitals, acd major cies of 
the Work), and ies here that differences 
are cepecially notable. Sore, ane duc to 
political change: Airitish Homsiliurms to 
become Belge, and what had beon 
raat Poke t monk Bitnghiibesh 
Some changes: poaclt from nation 
chousing new names: the Republic of 
the Conse tas become “aire, Ceylon 
Aow Sri Lanka, Cambie i Kampu- 
ches. and Upper Wolt if Burkina 
Faso. Other changes involve apelling 
maxificotons: Sunnim his become 
Surman tinder the Pinvet veelorn 
of tramsliterating (Chinese into the 
Litin wiphabet, Peking ts new Beijinis. 
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PRESENTING 
PREMIER ES LIMITED. 


The only thing “limited” about this new Eagle 
is the number we're producing 

Everything else about this pure white beauty is 
taken to the limit. A quick scan of the details will 
reveal four-wheel disc brakes and 15-inch pertor- 
mance tires and wheels. Air conditioning, power 
windows, and power door locks are also standard 
equipment. 

Then there's its —one of the most slippery 
sedans ever to cmerge [rom a wind tunnel 

‘i dar aera will stop traffic. Bot it also 
| aw ay it Quickly a easily. With power 
fast features that maximize engine output, like 
hemispherical combustion chambers. 

The ES Limited has independent suspension at 
all four wheels. And an advanced torsion-bar rear 


i ee A major reason for its world-class ride 
handling. 
Inside: roomy, comfortable, and gencrously 


fitted with genuine leather. With functionally pasi- 
tioned instruments and controls thar would 
credit to a modern fighter jet. 

Like every Eagle, the Premier ES Limited is 
ler's exclusive 7-year! 70, OO 
mile Protection F : 

Take a test flieht in thee 
beatae ES Limited at i, 

Dealer. It’s the ‘aly % way to fly. 

For urther information, call 

1-800-JEEP-EAGLE 
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Alvin's Friends Mark 
25 Years of Deep Dives 


“hes're singing a watery chon of 
"“Hupov Birthday” this month 
Alvin, the world’s best knew 

manned submersible, a 2> year olil 
Avin, which canties acre of three 

rnd con dive to 13,024 foot, wus bull 
with U.S: Navy funds and & oner- 
ated by Woes Hole Oocanographic 
lietitiition. Named for Allen Nite, # 

Words Hole sacntiet and carly advo 

cate of manned dnderwatier-foecarch. 

2Lin Win chrntcaed on June 3, [ee 

Avie has  unclerecre 


miuane 


Siice then 
fmners mditpcations ane 
more thin 230i) dive 

In 16m it first gonned renown by find: 
ing bhvideoeen boron the Mediterri- 
tah stafioor atic two tL!) 4, Aw Fires 
pune Collide over the coast of Spain 

divin become familiar) a penera- 
Ton ot OEnoWATHe modes threnah its 
NAA Pa ernie Major acean- 
nerapuc expedition. These meclucded 
Prepect FAMOUS. point Freach 
Amercan. wudy af the Mid-Athantic 
Hidec: o Csplipgygent Rott survey thal 
Sooo wires meme lite oon lig ietlicss 
depths: und « probe of the East Pacific 
Rise that revealed hot-water 
or “black smokers.”-Porhans Alvin's 
mont Limos divest, however, were bo 
the Jini (GROOM ARIEC. Decennleer 
Leh), pviding closcun phodioraphs 
GF tthe Gok it thee fata lee 


PECTS 


Tracking the Trail 
of Early Equestrians 


MATS Ae Wil bing! fo pr ceri ii 
crucial moment in human history 
the tame when hurman bees be- 

gan fo use horses i something olhes 
Thin secure of ment 

David Anthony of Hartwick College 
im Oneonta, New York. believes the 
firal Weitse Hiwick Nders Were pars ple re 


slat 9! Gd Til i 
the Srocini Seog culture. whi lead cast 
of the Dnicper River, in what is now 
the Sewet Linon, between 4200 wad 
4H ae Archamologiids tawe discov 
eredscrages Of ere word Pern Chad eel 
hav Geen the check plioee yf trices 

Liking o cummin clectron monsoon) 
to esamine the jeeth of homes found at 
arcdm Stig ates, Anthony tm looking 
Fer wags che ue cree ott) eee rcpt 
bits; “When horses are ridden, all 
tite are praible.” he says. Cinee the 
Srcdr Steg beean to nde, they could 
ron ered cistanoss, herd sheep more 
cosily, and wage war more effectivel, 
































Rises in Wyoming 


gery Thin of Worland, Wro- 

ihe. Sy ob patie Lyeli ef the Loe 

Lanterns Festival in Harbin, Chi 
na. othe Mirch LYRE pre Arie are 
Hecded to dupheate it. tas) winter, 
woth the help ofthe Chinese Embass, 
m Washington. 2, C., she staged the 
first Worlaund Harhin Jee Lantern 
resin 

Me. Truman (below, MM center), 
WD OPCraices @ prcsctpol, sak abe 
Femlined that winter in. Warland—pop- 
latron atseul 70 — wi pelrdy cas 
coldasvin Harbin ond that onic feativad 
woe peck Worle shikdren 4 per 
rece or the owisne work, Lin 
Faimning., the emibuissy s iret secrenary 
of culture. mide the contacts in China 
antl @rranieed for three Harbin ice 
Jiang Yuku. hang ‘Shu: 
oan’ Yand Shi Chane — io come to 
Wroming. [he town rained $4, 10%) for 
pirfares. md Mire. Kiern's hesbearnel 
John. cut 60 tom of toe cut of a local 
pond for the sculoturis. 
rig thee tovar wecddes im Wicet loiaiel 

Ine sculntors Vewied schools mod dem- 
ahiilis Stout of thet 
uipturcs were Menilar to thope thes 
create in Hartin. Bat in hanno af thet 
Ing io Wyomme |hev alo carved o 
Shem peniten Of @ cowboy step o 
bucking Dromcn, 


aout piers 


moatriteal ebeag 
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Dorcas Gazelle Genus: Garelia 
body. O.9-1.1m: tail, 15-20em; shoulder height, 


Fa! 


Ne 


Species: dorcas Adult sire: Length of head and 
55-65em 


Adult weight: 15-23ky 


Habitat: Savannah, semidesert and desert ranging from North Africa to central Inels 
Surviving number: Unknown Photographed by Alain Dragescn 
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A lone dorcas gazelle stands alert amidst the 
vast dunes of North Africa. Once abundant and 
widespread, this slender and graceful creature 
now SUT Va¥eS only in scattered populations and 





The Aiecae cea 1s mate adapted to its arid 
habitat, being able to tolerate high temperatures 
and subsist on litthe water. It has been unable, 
however, to find safe refuge from man, even in 
the midst of its desolate environment. Like other 
endangered desert antelopes in Africa, such as 
the addax and the scimitar-horned wryx, the 


SGcal 


The new autofocus SLR cameras 
Moré than autorocus. 
More than ever 








e as Canon sees It 


dorcas gazelle is today a rare sight. 

To save endangered species, it ts vital to protect 
their habitats. Understanding the fragile balance 
of our world's ecosystem holds the promise for 
the future, Photography, both as a sqentific re- 
search tool and asa means of recording the world 
around us, can help promote 4 greater awareness 
and understanding of the dorcas gazelle and how 
it lives within its natural environment. 

And understanding is perhaps the single most 
important factor in saving the dorcas gazelle and 
all of wildlife, 






Join the fight roidéy! 


oe Z does community Sara reeds late 
we" 1s dying! borhoods from becoming a trecless 
Let feck he, a city withour trees isn't wasteland, [he American Forestry 
fit to: live in. And yet, across this mation, Senoeaupir mes demure te 
harsh open gaps are replacing the green improwe our urban forests, but we 
serenity of leaves; Join us in action now can't do it alone. Learn how you can 
to reverse this trend. Here are the facts; mm the fight. Write or call us toll-free 







| = | at 1-800-368-5748 and we will send 
* In most of our cities, only | tree is you information on the “Save Our 
planted for every 4 that are lost. Urban Trees” Citizen Action Guide. 
* Pollution, disease, insects, aging, bee we A Sate Dey, Byes 
| and physical abuse are rapidly ches for generations to come. 
killing our trees. Help make our cities 
* New trees are dying due to safe for trees! 
insulficent care and inadequate 7 
space to @row. 
* Without trees, we lose a resource Write: 
| but provides economuc, health, anc P.O. Box 2000 
| environmental benefics, Washington, D.C 20073 














Lux One-F'am, 138 Cu F't, W/W Carpet, 
Maenif Liv Spce, 4-Drs, Hi Ceil, Kasy 
Commute City/Shppe’ Wilderness. New. 
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MONTERO 4 
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For Wil idlife Research Evudstiong & ae servation 








INTRODUCE A FRIEND 
To THE WONDERS 
OF NATIONAL GEOGRAPHIC! 


1a Treat a friend to countless faseinations every month with a gift 
: membership in the National Geographic Society, Tou can be 

















| | sure your friend will thank you for sharing the wonder of 
NATIONAL GEOGRAPHIC. Mail your check with this form today to 


| SLari VOU iti membership, 

if F 

/ Pay 
i dug ter: Lif ara phi potiety ONT} $27 
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America needs 
this new vision 
for National 
Parks | INVESTING IN 


mail HUTURES 





Would vow beliewe the finer ever, compre 
hensive, non-political, complerely) prates- 
sional long range Pla for yur national 
parks? The Nanonal Marks and Clornserva- 
non Associations Aiveprcr for Tomeriw 
ma balanced plan, three years inthe 
making —for new parks, scnsible bound 
anes tor old parks, needed funding, gewxt 
balance berwern vrindr wae and conser 
vation of irreplaccate marural treasires 
Four treasuies 

Tow can make this vision happen. 
Wirire for more pnfermnatian about 
SICA and INVESTING IN PARK 
FUTURES, NICA’S Alueprint for 


Tomorrcrey on yreur parks Write fo 





National Parks an 
Conscnation Association 
[O18 Stier Se, NAV, Suite 23 
Wiaah unercun., nC 20007 


Members 
Forum 


Skyscrapers 
How mght to begin an-article on skyscrapers 
(February 1989) by quatme Louis Sullivan that 
askyscraper mist be “every inch 4 proud and 
soaring thing.” It is precisely the embodiment of 
pride, not the mere fact of height, that defines 
this building type. William Ellis captured its e= 
sence by focusing on individuals. The skyscraper 
ie surely America's greatest contribution to 
architecture. 

THOMAS MELLINGS 

New Fork, New Fork 
Myr. Melltes co-authored New York 1930; Archi- 
tecture and Urbanism Between the Two World 
Wars (Ricsali, 1087) and “Pride af Place: Build- 
ing the American Dream," a PRS documentary, 


Whatever sense they may have made in the past, 
skyscrapers make none loday, except as expres- 
sions af corporate or personal ego. In this .com- 
puterage, business can pet done without loading 
thousands of people atop one another on small 
lotain Manhattan. Bravo, San Francisco, Takes 
hike, Donald Trump, 

RICHARD HEALEY 

Huntington Beach, California 


l found your article a colossal bore and a blatant 
example of American chauvinism, One could 
draw the conclusion that the only buildings of 
note are in the United States 

GEORGE M. GRILLS 

Toronto, Ontario 


Well-done and informative, but the posing of 
these talented architects was equivalent toa 
broadside forasideshow. The Founiaindeud im- 
age Of the architect a& an omnipotent, arrogant 
prima donna istunfortunate. 

Rocer A. WEAVER 

Mon, Porrevitienia 


The GEOGRAPHIC can be relied upon to set o 
wonderful table for us photographers, but the 
February issue was a feast indeed, especially the 
work of Nathan Benn in “Skyscrapers.” I would 
like to know more about this talented photogra- 
pher. Or is this Irving Penn having a little fun 
with us? 

Davin Cart MiILwaRD 

San Diego, California 


Throughout American and Canadian cities we 
often find that the most admired and revered 


National Geographic, Pune 1939 








buildings are churches. [ would sugrest that human attempt to color in one bare corner o! 
humility, and not ego, & involved in these trul lentity in an infinite, undifferentiated expanse 
creat binldines of featureless contines and cubicles 

WALTER PEACI TIMOTHY KRREIDER 
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William Henry Jackson 
Hancock Center Khai + abet ‘the it 


fy | th j i | i AEE: rg 





tmong all those carefully chosen photocraphsof erandfather William Henry Jackson brought 
bust activity and comfortable domesticity, there mack warm memories of this great and gentle 
Wee one incongroously disturbing image —thi man Who recetcded and preserved an importan 
girl Carne displaying a drawing of ber family's wart of this country’s history. Many thanks from 
NOMIC 85 4 Dox, IndStinguishable from.all the oth all our farmils 

er boxes around it, enclosed in &@ ereen grid. The HARBABA |. ip RIFFITH 


Tage remains disturbing. an emblem of the can Frovctueco. California 
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The BRiodak Bantam that Jackson & 


. Ler = | 2 . a " am. q 7 . Se al “| “I 

nate 251) 1 hol @ 33-mm Cameron Out one tha! 

fonk S25 wntan film. The nervative size wi 
7 — ] 7 “1 7 oe 7 i eS oe ee " 

Ee LOL eo earl | thi SANA 2+ XH 


DUANE €. SCOTT 


writer of a letter in the April 1906 GEO 


tTAPHIC, having seen glaciers on Fre hee LK 
in | Ote05. wished to nani them afte oT heodore 
Roosevelt. | was sure Tack . ‘on hal sore eal _ r 
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—= 2 | = = ie J r 1 r i | 
involvement with this peak, as his phote of i 
= I ft 7 ' i = 4 rE = ' . 

(peers ifn VOuUr rebrus oo LIT ress 

; i = at th i i dom | ne] i a is z 
page. Sure enough, the (cto FOG issue ci 
rer tron | on himself noting that h 
efter TOM JACeson Mimistil BOONE TOA he 

. - 7 = = = ie | . 

hac “made o series of negatives showime the en- 


ial field in Lay 8. Lhoeteari 


ree 
rie iu 


tire extent of the gla 

Members Forum | io 

interesting as the current forun 
JOHN SOMMER 
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Yellowstone Fires 


David jettery rticle went 1 wren 
placing the Yellowstone fires of 1998 is 
tive. Early reports had at many os-].1 m 


JODGE DAKOTA 4x4. 
The first true mid-size pickup ever, this 
4x4 comes complete with the muscle 
of a standard fuel-injected V-6, an 
available eight-foot bed and our ex- 
clusive 7 year or 70,000 mile Protection 
Plan® And handles it all with the atti- 
tude of a compact. This year, we've 
even added standard anti-lock rear 
brakes. The 1989 Dakota 4x4. Go break 
some ground of your own. 


aor ‘i — | L. — ———— - 
Seo. his ocean iimnBd Warman & Is res “TOT 


~ SPIRIT OF DODGE 


THE PERFORMANCE Dewit CAT A oe ares 





acres within the park consumed by flames; cub- 
sequent surveys have shown that only about 
440,000 acres—about 20 percent of the park 
srea—were affected by fire, ancl lese than one 
percent of these acres were subjected to ground 
fires hot enough to damage the soil. The Park 
Service's natural-burn policy, developed over a 
period of vears by land managers and scientists, 
deserves as careful and balanced a retrospective 
as Jeffery gave the occurrence of the fires. 

Davin W.. KNOTTS 

Rowse, Idaho 


By what logic is a natural fire beneficial and a 
man-caused fire disastrous? How can natural-is- 
best advocates shrug off thousands of acres of 
burn as a rejuvenation and come unglued ata 20- 
acre harvest on commercial timberland? 

Ii the area is to be managed to serve the peonle 
who own it (the public), discrete development of 
roads, transient housing, anc maintenance facil- 
ities are necessary, as Are insect control, wildfire 
control, wildlife management, controlled burns, 
and removal of excess dead veretation. “Let it 
burn” i¢.a management policy but.a myopic one. 
There is, in fact, no “unmanaged” land in the 
United States, only land on which the manage- 
ment policy is to exclude application of modern 
tools and knowledge. 

RICHARD KR. RELLY 
Meduing, California 


Whatother country would have watched billions 

oF feet of good lumber go up in smoke? Why 

shouldn'tthe Park System through good forestry 

cut mature timber and help reduce its budget? 
D. Kitton ANDREW, Sr. 
falmouth, Maine 


fimber-harvesting programs are regarded ay tn- 
compatible with the natural-preserve philosophy 
ofour Wational Park Systent. 


On the weat side of the Bighorns, about 150 miles 
irom the Yellowstone fires, half of a tis flat- 
topped mountain named Copeman's (or Copp- 
man's) Tomb burned around 1900. The burned 
portion waisstill bart asa bone 75 years later, wn- 
Ul a replanting project was started]. That is my 
worst fear for Yellowstone Park. 

Patuicta R, BRUNE 

Ridgecrest, California 


Having come out of Lapel, Indiana, where we 
had to throw a bone in the road to get the Grey- 
hound te stop, I was intrigued by “Small Town 
America.” [love to read about small-town life. I 
enjoy the hometown newspaper; it's agreat place 
to visit, but P wouldn't want to live there. 

DELBERT BIXLER 

saraiata, Florida 


You clearly showed that we (in small out-of-the- 
Way communities) are not so much an endan- 
gered species os a changing species. Like an 
onion cocking alongside other vegetables, we are 
losing some of our distinct, loealistic flavor, 
while taking on that of our fellow Americans 
with whom we share the pot. 

NEAL NETT 

Malone, Wisconsin 


None of the businesses shown in your photo of 
the intersection in Rolla(page 187) are still there. 
ancl at one time within the last two to three years 
probably 30 to40 percent of the buildings on Pine 
Street were vacant. Fortunately there seems to 
be same reversal of this situation, but service op- 
erations have replaced retailers. Small towns are 
tong through an evolutionary process, just as 
our large metropolitan communities are. 

Dove as SMITH 

Leawood, Aansas 


The message was that of arural and simple, if not 
backward, existence. The wonders of the Mis- 
sourl country lands are understated. It takes pa- 
tence and depth to realize the majesty in rural 
wonders: the curious sight of a knee-high cockle- 
bur bush; walking pastures and woods to find the 
hest cedar tree to fill a home with the smell of 
nature's Christmas; sauntering along a railroad 
track forgotten by time, the irritating sting of 
smartweed; a meandering creck os enticing 25 
any French country scene; access to the sun and 
the stars with vour feet solidly planted on the 
midwestern ground. If sophistication ts lacking, 
it has-been sacrificed for these rewards. 

JaciL. Morcan 

Agmsas City, Missouri 


Nature Conservancy 


Tn the December | 988 issuevou refer to ANCON 
as “ite [the Nature Conservancy's] local cre- 
ation” (page 844). In fact ANCON is a private, 
nonprofit, and independent Panamanian conser- 
Valin organization created in 1985 by local com- 
minity leaders to initiate and support programs 
for the protection: of our extraordinary natural 
heritage, Several international organizations in- 
cluding the Nature Conservancy have provided 
valuable support. 

JUAN CARLOS NAVARRO (. 

Executive Director, ANCON 

Pome, Panaesa 
Letters should be addressed to Members Forum, 
National Geographic Magazine, Box 37448, 
Washington, D.C. 20013, and should include 
tenders address and telephone mumber. Nat all 
letters con be wed. Those that ore will often be 
edited and excerpted, 


National Geographic, June 1080 


How one air conditioner 
handled the heat in- 
the toughest challenge ofall 
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ener Chiuick Yeager, USAF Het, 
Th al Patra 
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they've fot a prety 
line fir copelitioner 
In their new Reliant. But | 
dont believe we should take 
their word for ii. 
sire, they bollt il fran 
Lop- (Ha lity materids, oon- 
Struvened the compressor 
vabes outoalhanened steel, 
the exterior valves from 
bess, Lhe wet Pec eal 
vanized stecl. Then they 
checked it out and re- 
checked tout in one af the 
mest sophistionbed air con- 
dithoner research facilities 
cr the poleriest. 


| 7 bare folks ‘ii Bryant mr} 


JLother Saitures Leah 


Next, Chey tlorture-tested 
the Reliant, set eh on the 
beach and just tert it there, 
Thal may seem striunve but, 
you see, they itured i it 
ool staml all that salt wor 
lt would stamd the conidi- 
Lions in your backward 
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But no matter how much 
they cid in the lab, Bryant's 
envineers Combet te residly 
certain the Heliant air con 
dittoner would.de the job ull 
laos rel live cha llerce, 

lt had to pass the tough 
est chadlende of atl: the 
Yeuer test, 

Nothing too faney, just 
me, a2 comtorahle recliner 


a onl 
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wd a scorching hot clay 
se | cont much mre how 
ltchidin the ab ifiticant take 
Lhe sweat olf my brow 

Let ime tell you, [ve tested 


jets for the Air Force for 


quite seve Line anal | Kricaw 
high technology and goa 
encineering when | see il 
And Tim @ratited to peport 
that all of the quality of he 


Hela air ooclitioner shows 


HLS operation 
Thumbs Up 


ts cpt (pops like a Kittery, 
etiicient, dependable and 
Hult ta hast That means 
itll get you cool and keep 
you cool, Where it really 
Counts, Ue Heliat proves 
it has the right stull, 





The right stuff : 
to last. 
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POT SALE 





ln todays changing econamic environment, it's im: 
noirtan! to haverenoughinvestmeant choices: Are thats 
why Variable APPRECLABLE LIFE™ offers you more 
ways to lives ne cash vali of your lite iaurance 
than ever before 

You have tha oopertunity fo move a partion at 
your cach Vales in and cut ol a combination of citter- 
ent portioline. From an aggressively managed ac- 
noun toa Oonseryvatvaly managed acnount. Even the 
first-ever real exiaie account. Cir you can chose A 
Hosecl bniterest nate cgabeort 





You ll also be able to decide Aer much your pre 
mim payment will be and when you'll pay ther — 
Weary, quarterly or mantniy 

And no matter how your portiolio pertornnis, your 
death benetits are fully guaranteed. as long an your 
achoecluilest omer payments ane macke on ime, and 
there are no lowe or withelrawals 

For more complete information, inclucing bess 
fhe ee perniees: aa your PruchenhallPruco Gecurines. 
representative tora prospectus. Fes tt carelully be- 
fone you lnvest or send money 

Venable APPRECTABLE LIFE. And The Procen 
tial. “Going “above and beyond” to preside you with 
enough invesiment ochons to weather any economic 
ssnctiton 


lard Oy The rocked ant iit tamer. rcs Laan Proc Late at toe 
lerery nunc companies Anvikede focasgh Prac Secures (orpoewtenn 
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VERVBODY LOVES a dinosaur, Maybe that's 
because they're no longer here to bother us 
According to Assistant Editor Rick Gore's 

artiche on extinctions, we can be glad they're not 
for another reason. Tf they were, we wouldn't be, 

Phe 800-million-year fossil record show's five 
extinctions al extraordinary magnitude that we 
Can only study, learn from, and marvel at. A 
sixth, Rick tells us, is happening right now, clif- 
fers dramatically from the first five, and should 
concern all of us because we can do something 
about tt—aned should. Humans for the first time 
are the cause and the ultimate victims. It's said 
that before humans appeared, extinctions of flora 
and fatina ran about one species a year, Now it is 
estimated that four species fo belly-up per hour, 
Indicating # total of a million by the year 2015 

In Renva lain Douglas-Hamilton and his wife, 
Orin, are concerned and risk their lives to do 
something. They're trving to save the African ele 
phant but aren't too optimistic. If ivory poachers 
maintain their rate of slaughter, all free-ranging 
herds could be gone by 2020 

lam sent me an article from an American fash 
lon Magazine featuring a model wearng a pound 
or two of ivory bracelets, Cost—according to the 
caphon: $1,710. Not listed as 
the slaughter of elenhants andl, indirectly, the 
lives of African rangers who tried to protect them. 

We have survived the loss of the dodo bird, and 
we can live—though not so well —without the 
Hue whale, the giant panda, and the elephant 
And women con leam to live without ivory brace- 
iets. Bul some of us may not live without some of 
the still unknown plant species of the tropical for- 
est. More species live there than in all the rest of 
the world combined, and many thousancls of 
those have not yet been assessed by science. But 


Mart of the eos 








populahon pressure and profitable logging reduce 
this pharmacopoeia by a hundred acres a minute 
At the present rate of destruction, we can expect 
to lose at least one-fourth of the extant species 
within the next few decades, almost certainly in- 
cluding litt-sustaining drugs. Rearing about mas- 
sveextinclions showd help us appreciate how 
great the world isthe way itis. And maybe more 
of us will do our bit to keep it the wav it is. 
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America is hooked on 
foreign oil. Today, we 
import almost 40 percent af 
the oil we use—even more 
than in 1973, when the Arab 
embargo plunged us into 
gas lines, rationing, and 
recession. 

The TMoTe We Can Use 
nuciear energy, instead of 
imported oil, to generate 
electricity, the less we have to 


Tai LSCeA 


depend on foreign nations. 

The 110 nuclear plants in 
the US. have cut our foreign 
oil dependence by over three 
billion barrels since 1973. 
And they have cut foreign oil 
payments by over one hun- 
dred billion dollars. 

But 110 nuclear plants will 
not be enough to meet our 
growing electricity demand. 
More plants are needed. 


To help kick the foreign ail 
habit, we need to rely more 
on OUT OWN energy sources, 
like nuclear enerpy. 

For a free booklet on nu- 
clear energy, write to the 
US. Council tor Energy _ 
Awareness, PO. Box 66103, 
Dept. SNO4, Washington, 
D.C. 20035. 


US. OOURHCIL ROW. EMERY AWARENESS 


Nuclear energy means more energy independence. 


INTRODUCING 
THE NEW PLYMOUTH ACCLAIM. 
A WORLDBEATER. 
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TO COMBINE THE BEST OF ALL WORLDS- 

TAKES A WORLDBEATER. 
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On Assignment 


HE MEDIUM wis the mc 
care wien Assistant Ari 


Director ALLEN CARROL! 


above, at leit) visited Pixar, a 
computer-praphics firm in San 
Katarl, California, to see the 
cutting edge of anew technol 


ofy. A specialist in translating 


sCenhitic concepts into compre- 


hensitshe inuages. Allen felt at 


home with Raiph Gugrenheim, 
rghit, Eben Ciethy, center, and 
William Reeves, who created an 


GMM Ate SSQUeENLCe OF a Sater 


ing crvetal elobe (nages 742-4 


A lending procten er of i computer: 


era po cS DATOWAPE BC srt 
ware, Pixar is reinventing the 
it of animation. “The team 
shattering meht,” savs Carroll 
*cetais that really nade a dif- 
Art director for ou 
Aistartcal Atlas af the United 
States, Carroll 


ference 
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chrector for desion in the C 
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Phe images generated by. 
computer number crunching 
can be astoundingly realisti 
as author-photographer FRE 
WARD (below, at left) learned at 
i General Dynamics Might simu- 


lator in Port Worth, Texas 


With manager jack Drewett in 


[ us | | | 
Ihe ttinary Cock pel 


he found 
Loe C2 PpCMence of flyin ¢ through 
nis luniciscane beamed by, 
ax projectors onte an overhend 
lome to be “absolutely mind 
DiOW LIE 

For Ward, a computer enthu- 
sja<t, this assignment was like a 
busman's holirtay. In his office in 
his Bethesda, Marysland, hon 
he keeps four of his seven com 
CURES OT) vt are oval fabie, with 
two mrinters in the center, With 
his cher on casters, he wheels 
from screen toscreen. “I'll be 
reating eranics on my Macin- 
tosh I,” he savs, “while I'm 
wrting text on the IBM 


As broad in his scope of inter- 


estas be 3 ih hie talents. Ward 


now has 15 GEOGRAPHIC articles 
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venting secorid heart attacks 
has been a recent topic in 
médical news. It you're al 
risk of a second heart attack 
Pemererenante gie tal 



















aspirin-therapy program, laking more —~ 
Das teresacedes tapachen wis pains may 
2 al aaa 


without being under a doctors supervi- 
sion, taking aspirin, especially over a long 
period of time, puts you al risk of certain 
side effects which should be manitored by 
ae Deine 


a - Pe he a 
ca POT tance 
a ar a ine 








SORE ee mutt be 
Se cascdits von eeestasina and followed 
eet Taking more aspirin than your 

doctor recommends may put you. al a 
greater risk of stomach side effects. Those 
side effects could affect your aspirin- 


etapa PIDereee, 
pirin and its side effects. 








~ Some people suffer adverse reactions to 
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effect is stomach mitation, Some 





Therefore, if you take more 
aspirin for pain while on low- 
you. are at greater risk of such 

gide elects, 








if eine Fi ET taking aspirin for 
heart therapy, what do you take for head- 
aches, muscle aches and cokd/ila symp- 
loms? Doctors are recommending 
FYLENO! than any other brand for 
st aches and pains. First because 

PYLENOL {5 acetaminophen, not aspirin 
and it will not cause the stomach irritation 
possible with aspirin: Second, TYLENOW 
wun interfere with your aspirin therapy 
And third, nothing works better than 
TYLENOL for everyday pam. 

So if your doctor has recommended 
liking aspirin to reduce the risk of a sec- 
ond heart attack. donT take more than 
instructed. For nehet from evervday aches 
and pains, whelher or not youre on asprin 
therapy, the smart choice is TYLENOL 
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